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FOREWORD 


Adaptability is probably the most distinctive characteristic of life. 


In maintaining the independence and individuality of natural units, 
none of the great forces of inanimate matter are as successful as that 
alertness and adaptability to change which we designate as life — and the 
loss of which is death. Indeed there is perhaps even a certain parallelism 
between the degree of aliveness and the extent of adaptability in every 


iL —— in every man. 
——_@——_——_- 


There are many ways of studying life: 
— There is the tabulation of simple facts, such as the registration of 


structural detail or of biochemical changes produced by an experimental 
intervention. — This work is safe; it is the hook-keeping of Nature. 


— There is the descriptive characterization of complex facts, such as 
clinical syndromes or intricate tissue-reactions. — This work is inspired; 
it is the landseaping of Nature. 


— Finally, there is the correlation of facts into a unified system, a 
Science. For the explorer of Nature this yields a practically useful (though 
not necessarily complete or even correct) map of navigation. It helps him 
to remember the points he saw and to discover new ones along the roads 
of abstractions which connect them. — This work is creative; it may 
lead far astray, but apart from procreation, this is the closest man can 
come to the making of Nature. 


—_————@—__—__—— 


It is well to realize that the value of a scientific theory does not depend 
as much upon its correctness as upon its fertility, its usefulness in discovering 
data. Indeed, when a theory says “nothing but the truth and all the truth” 
about a certain subject, it has lost its heuristic value and hence is no longer 
a theory. 


These thoughts are my apology for devoting an entire book to the 
concepts of the General-Adaptation-Syndrome and the Diseases of Adapta- 
tion. 


As it stands the map is certainly both incorrect and incomp 
let us hope that it possesses that critical degree of truthfulness wh 
ulates to rectify the misdrawn boundary lines and to fill o 
where uncharted territories are shown to lie. 


————_@—___—_—_ 
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HISTORY 


e of the XIXth century the great French Physiolog; 
Claude Bernard‘ had already realized that to maintain life, the constane i 
the “milieu intérieur” must be preserved in spite of changes in the €nvironment 


Subsequently, the American investigator Walter oo" introduced the 
term “homeostasis” to designate the maintenance of this ste dy state and 
directed attention to the réle of adrenaline and of the autonomic neryoys 
system in bringing about the internal adjustments upon which it depends, He 
examined a number of specific reactions, which are important in maintainin 
the constancy of the milieu intérieur during certain emergencies wee - 
result from muscular work, nervous irritation, variations in the surrounding 
temperature, etc. 

Also in the United States, Frank Hartman and his co-workers ? Prepared 
purified adrenal cortical extracts; experiments with these led them to the 
“general tissue hormone” theory of the corticoids. They concluded that cortical 
hormone is necessary for the function of all cells, because it raises the resistance 
of tissues to infection, combats fatigue of muscles and nerves and maintains 
the normal temperature and hydration of tissues. 


In the meantime, ever since 1913, the Belgian histologist A. P. Dustin4 
studied the mitosis and pycnosis-producing effect of certain drugs. He named 
these “poisons caryoclasiques”, since he found that their fundamental action 
is to cause “caryoclasia’’ or pycnosis of nuclei (especially in the thymico- 


lymphatic apparatus), an effect which he believed to be specific of this phar- 
macologic group. 


At about the middl 


The seemingly quite unrelated observations of the French surgeon René 
Leriche® led him in 1934 to describe a clinical syndrome accompanied by 
characteristic blood-chemical changes which appeared after all kinds of severe 
surgical interventions and was consequently named “maladie postopératoire”.’ 


Many other investigators described important morphologic, functional or 
biochemical changes following exposure to certain agents (drugs, infections, 
nervous stimuli, trauma, burns, etc.), however, they regarded them as due 
to the specific actions of each causative agent, respectively, and hence there 


wa ; 
i a reason to suspect any correlation between all these scattered observa- 


Picts: rs ae te medical texts, we find evidence that physicians 
non-specific datees * curative value of pain, starvation and many other 
chiateiat We ging Raeuts, However, it was probably the Austrian psy- 

gner-Jauregg™ who first evaluated such observations in moderna 
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ever since 1887, he related exper- 


scientific terms. In a series of publications, 
arious mental diseases, 


iences concerning the therapeutic action of fever in v 


T erva Z much further 
especially, general paralysis. These observations stimulated 


research on so-called “non-specific therapy’’, foreign protein therapy . mednate 
therapy”, etc., but the mechanism through which artificial fever exerts its 
beneficial effect, and the possible relationships between these and the previously 

-ntioned observations, remained shrouded in mystery. 
The Japanese pathologist M. Masugi*® working along entirely unrelated 
lin observed that animals treated with renal extracts develop antibodies 
1inst kidney-tissue. If their “nephrotoxic sera” are injected into another 
-ventually produce nephrosclerosis and malignant arteriolo- 


ith hyalinization of the vessel walls, such as is observed in malignant 


allergic diseases. 


vertension and certain 

9 
\imost at the same time, in 1934, the American investigator Harry Goldblatt 
ribed his first observations concerning the production of experimental 


hypertension by partial constriction of the main renal artery. 


first sight, it would seem that all these observations have little in common 


and there was no reason to believe that they could be integrated into a unified 
system of physiologic and pathologic events. However, in 1936 ™ it was noted 
that animals exposed to a variety of non-specific damaging agents respond 


with a discharge not only of adrenaline, but also of adrenal cortical hormones; 
simultaneously their resistance to numerous damaging agents is increased. 
The most striking feature of this response was its extreme non-specificity. 
Any stress was apparently met by an increased discharge of corticoids. This 
suggested that perhaps in man also all the systemic diseases, indeed all the 
stresses and strains of normal life, are met by a similar defensive corticoid 
production. Thus developed the realization that here we are dealing with 
one of the fundamental adaptive reactions of vertebrate organisms. 

It was not immediately obvious how the adrenal cortex is alerted during 
emergencies. Various surgical interventions on the two great integrators of 
bodily functions, the nervous and endocrine systems, failed to prevent the 
activation of the adrenal cortex by stress. However, during the following 
year, in 1937,'! it was noted that if the hypophysis is removed, animals can 
no longer respond with any adreno-cortical secretion even when exposed to 
severe, lethal stress. Simultaneously the resistance of these hypophysectomized 
individuals fell to very low levels. It was concluded that normally exposure 
to stress causes both damage (shock) and defense (counter-shock) phenom- 
ena. In the absence of the pituitary, manifestations of damage (e.g., gastric 
ulcers, hypothermia, hypoglycemia, hypotension) become even worse, while 
most of the presumably defensive changes (e.g., fever, hyperglycemia, hyper- 
tension, dissolution of lymphatic tissue) are eliminated, 

These observations suggested that Nature herself has foreseen a general 
defense mechanism in which corticotrophin production plays an important 
part and that hence a promising way to treat the stress-factor of disease would 
be to “imitate the physiological counter-shock phenomena”, e.g., by administer- 
ing supplements of ACTH or corticoids when required." It was hoped that 
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pit several years later did it become evident that, unde: 


stances, increased endogenous production oe —. exogenous a 
ministration of ACTH and corticoids can oe i ecome the cause 7 
disease (e.g., hypertension, arteriosclerosis, iabe one gout. myocarditi, and 
various rheumatic-allergic conditions). Here we STE apparently dealin 
with diseases due to excessive or abnormal adaptive reactiong,11b ee 


findings led us to formulate the theory of the general-adaptation-synd, 
and of the diseases of adaptation. 

It is the object of this volume to relate the personal observations Which we, 
inspired by this theory and to correlate these with the numerous, often ui 
independently acquired data, described in the scientific literature of man 
nations and in journals devoted to almost every branch of medicine. : 

In retrospect, we feel that the main results of this work were to show that: 

(1) Any systemic stress (viz., one affecting large portions of the body) 
elicits an essentially similar syndrome with general manifestations.!2 

(2) This syndrome helps adaptation. 

(3) Adaptation can cause disease.\* 

Especially important clinical contributions to this field were made only a few 
months ago when adequate amounts of a potent gluco-corticoid hormone and 
corticotrophin became available. Hench and his colleagues at the Mayo Clinic 
found that rheumatoid lesions and perhaps even acute rheumatic fever, show 
a truly dramatic improvement upon treatment with cortisone or cortico- 
trophin. Almost simultaneously Perera and Pines 1° reported that the hyper- 
tension which can be elicited with desoxycorticosterone in man is abolished 
by an adrenal extract containing gluco-corticoids and that spontaneous hyper- 
tension is reduced by cortisone.!7 It was found, furthermore, that certain 
experimental similes of rheumatic and allergic conditions in animals are 
aggravated by mineralo-corticoids and ameliorated by gluco-corticoids 18 and 


that a derangement in steroi i ists i 
id metabolism exists in patients suffering from 
rheumatoid arthritis.19 ‘ canal 


ae findings appear fo support the seemingly far-fetched view that the 
po ead Plays a réle in the pathogenesis of the above-mentioned 
? at the same time they give us hope that a better understanding of the 


general-adaptation-syndrome ma furni i 
urnish u 
the treatment of disease. 7 oan oS ae 
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GENERAL PHYSIOLOGY AND PATHOLOGY OF 
SYSTEMIC STRESS 


PRINCIPAL FACTS AND THEORIES UPON WHICH 
THE G-A-S CONCEPT IS BASED 
he principal facts observed, and of the conclusions derived 
t 1 guide and introduction to the study of the “general- 


vhich affect large portions of the body (cold, fatigue, 
tions, ete.), produce a number of somatic changes conjointly 
é i rominent among these are the involution of the thymico- 
lymphatic apparatus, the appearance of gastrointestinal ulcers and the enlarge- 
ment of the adrenal cortex (with discharge of its hormones, lipids and ascorbic 


acid} 

(2) Some manifestations of this syndrome, especially the adrenal-cortical 
changes, proved to be useful. There is an increased corticoid-hormone produc- 
tion, as judged by urinary bioassays; this helps adaptation since adrenalec- 
tomized animals are very inefficient in adapting themselves to a change, or in 
maintaining an already acquired adaptation, unless they receive corticoid 
substitution-therapy. 

(3) Non-specific stress (e.g., exposure to cold, protein intoxication) can 
cause malignant nephrosclerosis, hypertension, and hyalinization with inflam- 
matory changes in the arteries and in the hearts of experimental animals. Some 
of the changes so produced resemble those characteristic of acute rheumatic 
fever or of allergic tissue reactions. 

(4) Similar changes, of “hyalinosis” with hypertension, can be produced by 
anterior-pituitary preparations or corticoids (e.g. desoxycorticosterone). 

(5) Sodium deficiency (or the artificially induced loss of sodium caused by 
the administration of “acidifying” salts) protects the body against “‘hyalinosis”’ 
caused by any of the above-mentioned agents. 

(6) Protein (or amino-acid) deficiency protects only against the hyalinosis 
caused by stress or by crude pituitary extracts, not against that elicited by 
pure ACTH or corticoids. 

(7) In the kidneys of experimental animals exposed to non-specific stress, 


pituitary extracts or corticoids, many nephrons assume the appearance of solid 
endocrine tissue, the “endocrine nephron”. 


(8) Using a special surgical technique it is possible to transform the entire 
kidney into a structure having the aspect of a solid endocrine gland, an 
“endocrine kidney”. 

(9) The endocrine transformation of one kidney produc 
in the contralateral organ, as well as hypertension < 
inflammatory changes in the arteries and in the heart, _ 
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hyalinosis by crude pituitary extracts or mineralo-corticoids (eg, ee: a 
corticosterone) in animals. We ae Sony, 
(12) ACTH or gluco-corticoids exert a beneficial effect in the & 
taneous” hyalinoses (rheumatic-allergic collagen diseases) of fine Pon. 
These are the main observations from which the concept of the aan 
adaptation-syndrome was developed to the point at which it stands ae 
conversely, most of these facts were found by using preliminary sketche ay; 
this concept as a guide. No doubt sooner or later all these data could hae of 
discovered by hit-or-miss experiments merely registering results; this vou 


have obviated all speculations which involve the risk of error, but theo 
us to them at a time when other approaches failed to do so. TY led 
Let us now review the principal theories and thoughts derived from obs 
tions concerning the general-adaptation-syndrome. Vas 
(1) In addition to many specific defense-reactions (e.g., maintenance a 
constant body temperature, osmotic pressure, blood-pressure) there js . 
integrated syndrome of closely interrelated adaptive reactions to non-§péeif 
stress itself; this has been termed the “General-Adaptation-Syndrome”’ (G- AS). 
(2) The G-A-S does not merely represent a transitory “emergency” adjust. 
ment to changes in the environment, but is an adaptive reaction, which comprises 
the “learning” of defense against future exposure to stress, and helps to maintain 
a state of adaptation once this is acquired. 
(3) The process of adaptation may itself become the immediate cause of 
diseases, namely of derangements due to maladaptation (hypo-, hyper- or 
dysadaptation). Among these are some of the most common fatal diseases of 
man, such as the hypertensive, the “rheumatic’’ and the ‘degenerative’ or 
wear-and-tear” diseases of old age; the psychosomatic syndromes probably 
also belong to this group. 
(4) In the G-A-S the manifestations of passive non-specific damage are 
intricately intermixed with those of active defense to it. 
or Core asia area ane aoe . rer ee, 
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syndrome have some specific actions of their own which they do not share with 
other types of stress. In identifying individual manifestations as belonging to 
the G-A-S we must, therefore, always verify that they are elicited by any agent 


causing a comparable degree of systemic stress. 

(7) The pressor action of the kidney can be stimulated directly by corticoids. 
It can also be augmented indirectly by hypophyseal corticotrophin, which 
increases corticoid-production and still more indirectly by stress, which 
timulates the secretion of corticotrophin. 

(8) Apart from their well-known pressor effect, the renal hormone(s) 
exert important humoral actions upon protein metabolism. This manifests itself 

their ability to cause a generalized disease, a “hyalinosis” oF “fibrinoid 
iathesis’” characterized by the deposition of so-called hyalin or fibrinoid 


srotein material in various organs, especially the cardiovascular system. 


DEFINITIONS AND TERMINOLOGY 


A. — Definition of the terms commonly used in connection with the G-A-S 
In discussing a relatively new concept it is almost always necessary to create 
new terms or to use old ones in a novel sense; to avoid misunderstandings in 


such cases it is indispensable to give clear definitions of the terminology to be 
employed. 

In general ‘definitions’ applied to biologic concepts are not very satisfactory. 
It must be admitted that in the final analysis most concepts in biology — as 
that of life itself — are embraced by experience and not by rational delimitation. 

In some sciences (e.g., mathematics) definitions are unchangeable laws which 
make a concept what it is; in biology “definitions” are merely given as concise 
descriptions of phenomena as they are conceived at the time, realizing that 
they may have to be modified when further observations necessitate it. — It is 
in this sense that the following “definitions” are presented. 

To begin with, it is most important to state clearly what we understand by 
“non-specific”. The meaning of this commonly used term has never been 
carefully analyzed and we believe that the resulting lack of precision in 
terminology was one of the most severe handicaps to the development of our 
knowledge concerning the non-specific biologic phenomena, 

Firstly we must sharply differentiate between non-specific changes and non- 
specific agents. The two have often been confused due to the use of such broad 
terms as ‘non-specific actions”, which may mean either. 


Non-specific changes are those which can be elicited by many agents. 
There are degrees in the specificity of biologic effects; few, if any, are produced 
by one agent only (absolute specificity) or by all agents (absolute non- 
specificity). The response of the thyroid to thyrotrophin is an example of a 
highly specific change, one not known to be produced by any other compound: 
the cell-destroying effect of x-rays represents a non-specific change, probably 
the most non-specific of all, since it is shared by any biologic agent providing 
a sufficiently high dose is administered. 

The systemic or general non-specific changes — which are the main subject 
of this study — must be distinguished from the localized or topical nor i 
changes. It is noteworthy that most of the systemic non il 
a striking resemblance to the topical non-sp ‘ 
although, the former affect the whole boc 
cially important among these non-sp 
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Non-specific agents are those which affect many tissues 
of the ability to act selectively upon any One. 

The following graphs may simplify the discussion of the principal mechanig 
through which specific and non-specific agents can exert thei: respective i 
when placed in contact with all cells of the body (e.g., intravenoys ijeg 
of a drug or total body-irradiation with penetrating x-ravs), is 


and! aig devoig 


Specific Agent 


ZI . 


Target with | Insensitive | Target with | Insensitive Insensitive Insensitive 
Selective Target Selective Target Target Target 
Affinity Sensitivity 


(A) — A specific agent has the ability to single out a limited number of 

cells for action. This can be accomplished in two ways: (1) Through a 

selective affinity of certain cells for the agent (bold arrow). In this case the 

' cells selectively attract the agent and this results in a disproportionately high 
concentration of it within their protoplasm (e.g., intravenously administered 
bacteria or radioactive colloidal particles accumulate in the phagocytic elements 
of the reticulo-endothelial system and selectively attack these cells which have 
a particular affinity for them). (2) Through a specific sensitivity of certain 
: cells for the agent. In this case some cells are more sensitive to its biologic 
' actions than the rest of the body, hence, even if the actual concentration is 
§ 


the same throughout the organism, only they respond (e.g., effect of light upon 
the retina). 
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(B) — Non-specific agents have no selective action upon cells through 

either of the above mechanisms (e g., anoxia or exposure to extremes of tem- 
perature affect almost every cell in the body). 


ific Agents 


Target 


Non-Specific Agent 


(C) — Even specific agents may possess secondary non-specific effects. 
This may be due to various reasons: (1) The agent can cause systemic stress 
through the liberation of a compound by a target organ; the latter responds 
specifically, due to selective affinity or sensitivity (e.g., the thyroid is specifically 
sensitive to thyrotrophin, but under its influence liberates excessive amounts 
of thyroid hormone, which in turn may cause severe non-specific damage due 
to its influence upon general metabolism). (2) The tissue which responds selec- 
tively to the agent is destroyed by the latter and the resulting deficiency itself 
may represent an important systemic stress (e.g., the kidney has a selective 
affinity for mercury but its destruction in mercurial intoxication results in 
uremia with systemic stress). 

The expression systemic stress is used here to denote a condition in which — 
due to function or damage — extensive regions of the body deviate from their 
normal resting state. In accordance with the common usage of the word 
“stress”’, the term “systemic stress’ is sometimes loosely employed also to denote 
the stimuli which cause systemic stress. In this sense, it is preferable however, 
to speak of alarming stimuli or “'stressors’’. 

The term alarming stimulus has been employed to denote any agent capable 
of eliciting first an alarm-reaction and, if its action is prolonged, the entire 
general-adaptation-syndrome.' It is the “stressor” resistance to which re 
a systemic effort on the part of the organism. The is impe 
between the condition of absolute rest and a full 
hence it is correct to say that, at least in prin 
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licited by sudden exposure to stimuli, which affect a portions of the re 
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event of moderately severe systemic stress, from which recovery is Possib|, 
le 
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distinct phases: 


(1) The phase of shock. This is characterized by: hypothermia, hypotension 


depression of the nervous system, decrease in muscular tone, hemoconcentra, 
tion, deranged capillary and cell-membrane permeability, generalized tissue. 
breakdown (‘‘catabolic impulse’), hypochloremia, hyperkalemia, acidosis, 
transitory rise followed by a decrease in blood-sugar, leucopenia followed by 
leucocytosis, eosinopenia and acute gastrointestinal erosions. A discharge of 
adrenaline, corticotrophin and corticoids (with the secondary metabolic ang 
organ-changes caused by these hormones) are early defense-reactions, which 
begin during the shock-phase but are actually characteristic of counter-shock, 
The shock-phase may vary from a few minutes to about 24 hours, depending 
upon the intensity of the damage inflicted, but (unless death ensues), it js 
always followed by the counter-shock phase. 

There is no satisfactory definition of shock. In most cases one or the other 
sign of the shock-syndrome was singled out as its basic feature and the condi- 
tion was then defined as one characterized by that manifestation (e.g., hypo- 
thermia, hypotension, hemoconcentration, capillary permeability, depression of 
the nervous system). Such definitions are not satisfactory because under certain 
conditions any one of the so-called ‘characteristic’ signs may be manifest, 
although there is no shock, and conversely, shock may develop in the absence 
of one or the other of these signs. 

We therefore prefer to consider shock as a condition of suddenly developing. 
intense, systemic (general) damage. Although this definition is not very 
instructive, it is necessarily correct since it merely represents a brief outline 
of those essential phenomena which induced physicians to coin the term. Shock 


is always a rapidly developing condition; damage caused by chronic ailments: 


cannot be thus described. The term also implies that the damage is systemic 
(general) ; localized lesions, no matter how severe, are not designated as shock, 
tisiless they secondarily lead to generalized damage. 
: 1s customary to distinguish between “primary” and “secondary” shock: 
jee, that such a distinction is all the more important nt 
sodas a i os ie nervous stimuli, while secondary shock is the i 
po era ith endogenous substances. However, this is not 4 
in any case, since we know now that nervous impulses are humoral 


transmi eh and 
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ame as those seen in secondary shock. It is questionable therefore whether 
1 as essentially different, or as an acute 


these two types should be considered 
ind a delayed form of the same process. Whether the customary sharp 
eparation between “reversible” and “irreversible shock distinguishes essen- 
tially different conditions is 1 vise debatable. The data available at present 
nerely sug yest a difference in severity 
(2) The phase of counter-sh This phase is characterized by phenomena 
an enlargement of the adrenal cortex with 


f defense against shock. There i 
igns of increased activity, acute involution of the thymico-lymphatic apparatus 
ersal of most of the changes seen during the 

hase (e.g., a rise blood-pressure, hyperchloremia, hyperglycemia, 
1 blood volume, alkalosis, increased diuresis and often hyperthermia). 
synchronous with the stimulation of adrenal- 
endent upon the discharge of corticoids into 
ases in which a distinct 


in yenerally speaking, the re 


not only 


but largely 


190d Counter-shock phenomena may explain ¢c 
period of “primary shock'’ was follow ed by “secondary shock” after an 
intermediate stage of relative well-being. It is possible that here the inter- 
mediate shock-free period is merely the equivalent of the counter-shock phase. 
which cannot be maintained (cf. “exhaustion” below) and gives way to fatal 


shock. 

The counter-shock phase of the A-R represents a transition to the stage of 
resistance (see below) and imperceptibly merges into the latter in the event 
of chronic exposure. The principal reason for recognizing this as a distinct 
phase of the G-A-S is that under the impact of short, sublethal, systemic 
stresses, some manifestations of the initial shock phase are eventually reversed 
although, in the absence of repeated exposure, a stage of resistance cannot 
become manifest. 

In clinical medicine, the equivalent of this counter-shock phase has been 
studied particularly in connection with the so-called “malignant syndrome”. 
Speaking about the latter, Manceaux and Jorda ® state that here “.. . this phase 
of counter-shock is especially clear-cut and characterized by clinical and 
biologic changes absolutely comparable to those encountered in the counter- 
shock phase of Selye’s syndrome”. 

When the A-R, as outlined above, was first described (1936) we knew only 
that the organism responds with the same set of symptoms to a great variety 
of systemic stresses. The term alarm-reaction was coined to intimate that this 
response represents a ‘call to arms’ of the body's defense forces.* It should 
be mentioned, however, that the expression ‘‘alarm-reaction” has also been used 
by some investigators to describe certain nervous phenomena whose relationship 
to the general-adaptation-syndrome is questionable.® 

The stage of resistance represents the sum of all non-specific systemic 
reactions elicited by prolonged exposure to stimuli to which the organism has 
acquired adaptation. It is mainly characterized by an increased resistance to 
the particular stressor agent to which the body has been exposed and a decreased 
resistance to other stimuli. Thus the impression is gaine at 
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of resistance). 
The stage of exhaustion represents the sum of all non-specific se 


reactions which ultimately develop as a result of prolong OVer-expogy emic 
stimuli to which adaptation has been developed but could no loath 
maintained, ‘ 


It was found that even a perfectly adapted organism cannot indefin; 
maintain itself in the stage of resistance. If exposure to abnormal one 
continues, adaptation wears out and many lesions characteristic of the an 
(e.g., involution of the thymico-lymphatic system, loss of adrenal-lipids, gast * 
intestinal ulcers) reappear as a stage of exhaustion develops and iced 
resistance becomes impossible.’ _ 

The general-adaptation-syndrome (G-A-S) is the sum of all non-specif, 
systemic reactions of the body which ensue upon long-continued exposure iz 
systemic stress. One of the most fundamental observations in connection with 
the G-A-S was the finding that many of the morphologic, functional and bio- 
chemical changes elicited by various systemic stressor agents are essentially 
the same irrespective of the specific nature of the eliciting stimulus. We coined 
the inclusive term ‘general-adaptation-syndrome” to denote the whole response 
of which the A-R, the stage of resistance, and the stage of exhaustion are merely 
three successive phases. 


: The reaction is general; it is elicited only by those stresses which are general- 
ized (in that they affect large portions of the body) and it in turn evokes 
generalized, systemic defense phenomena. 


The reaction is adaptive; it helps the acquisition and maintenance of a state 
of inurement. 


a reaction is a syndrome; its individual manifestations are co-ordinated 
and partly even inter-dependent, 
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ind the G-A-S as a whole. We wish to re-emphasize, therefore, that the former 
is merely the first stage of the latter and that if an organism is continuously 


subjected to severe systemic stress, the resulting G-A-S always evolves in 
three successive stages, namely, first ‘the alarm reaction”, then the “stage of 
resistance” and finally the “stage of exhaustion”. 
Specific resistance denotes that type of inurement which increases tolerance 
nly to the particular kind of stimulus to which the body had been exposed.? 
Non-specific resistance (or “crossed-resistance’) designates the ability of 
I to withstand a stressor agent qualitatively different from that to 
lich it had been adapted." 
Adaptation energy (or adaptability) is the ability of the organism to acquire 
tance to changes in its internal or external medium.” 
[his is closely related to what has been called the “reserve capacity of the 
human body’ ™* in clinical medicine. It probably accounts for the decreased 
life expectancy of people who previously suffered from chronic illness.1” 


The term “conditioning factors” is used in connection with the G-A-S to 
designate circumstances which influence the course of this syndrome but are 
not necessarily an integral part of it. For example, sodium conditions the 
response to mineralo-corticoids, protein, the discharge of ACTH."° The 
corticoids and ACTH themselves are integral parts of the G-A-S and not its 
conditioning factors. Of course even the various constituents of the G-A-S 
may mutually influence each other's actions. Thus many effects of mineralo- 
corticoids can be counteracted by gluco-corticoids although both these types 
of hormones are secreted as part of the G-A-S response. Hence in a broad 
sense of the term, we may also speak of mutual conditioning between the 
various stimuli which arise in the course of a typical G-A-S. 


B. — Definition of terms commonly used in connection with 
the Diseases of Adaptation 


The diseases of adaptation are defined as maladies referable to an abnor- 
mality of the adaptation-process itself, to maladaptation. These diseases can 
be further subdivided into three sub-groups comprising the diseases due to 
hypo-, hyper- and dysadaptation respectively, that is to say, an insufficient, 
excessive or abnormal adaptive reaction.” 

Except for the interpretation of “shock” the clinical importance of the 
G-A-S did not become evident until recently when it was shown that non- 
specific stress can elicit a sudden dissolution of lymphatic structures (e.g., 
thymus, lymph-nodes, Peyer's patches, appendix) with secondary edema and 
inflammatory changes and, under special experimental conditions, stressor agents 
(e.g., cold) cause hypertension and nephrosclerosis in animals.1* This hyper- 
tension and nephrosclerosis was found to be accompanied by an er 
of the adrenal cortex and the question arose whether th reas 
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t importance. Both the production of hormones durin Streg, 
and their activity depend upon metabolic conditions, | specially ie Rg 
Nevertheless all experimental observations ee ott readily compagnie With 
the view that during the G-A-S certain anterior-pituitary anc adrenal-cortj. 
hormones are produced in excess. This defensive endocr ‘ne Tesponse is y 
since it raises resistance to stress (e.g., infections, intoxications, ner 
stimuli, cold), but the resulting endogenous hormone-overdosage may 
certain cardiovascular, renal and joint diseases. Thus dev eloped the Concept 
that many of the most common maladies of man are “Diseases of Adaptation” 
that is to say, the by-products of abnormal adaptive reactions to stress,1t 


Perhaps the strongest argument against our type of reasoning is the fact 
that the same degree of damage or stress does not necessarily always elicit the 
same response. Even lesions which are manifestly not the specific result of 
one particular pathogenic agent, may be more prone to occur following 
exposure to one or the other type of damage. For example, nephritis may 
be caused by a variety of micro-organisms, by exposure to cold or by treatment 
with various drugs, but it is particularly frequent in patients suffering from 
streptococcus infection with tonsillitis, scarlet-fever or sepsis. This does not 
mean that the pathogenic agent of nephritis is a stceptococcus, in the sense in 
which the pathogenic agent of tuberculosis is the tuberculosis-bacillus, It 
merely means that streptococcus-infection elicits a somatic response which 
produces especially favorable conditions for the development of nephritis. 
We have seen that numerous factors can specifically sensitize or desensitize, 
that is, “condition” the body to one or the other manifestations of the G-A-. 
Thus we noted that sodium sensitizes, while ammonium chloride desensitizes 
the kidney to the nephrosclerotic action of cold; glucose-administration desen- 
sitizes, while exposure to cold sensitizes, the gastric mucosa to the ulcer 
— effect of spinal-cord transection. The dissociation of symptoms, 
re ig) re such selective sensitization or desensitization to one particulat 

» helps to understand that the same degree of stress or damage does 
not always result in the same symptomatology. 
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iting pathogenic agent assume a secondary position. Thus the growth 


of a malignant tumor, the muscular paralysis due to destruction of a nerve center 
ind the convulsions resulting from tetanus-toxin or parathyroidectomy, are 
lisease-manifestations in which abnormal adaptive processes are relatively 
unimportant. Conversely, in psychosomatic syndromes, many types of nephro- 
clerosis, hypertension, gastric ulcers or “‘allergic’’ diseases, the abnormal 


ptive is the major cause of disease. This is especially 


t the same pathogenic stimulus, which produces 


changes in one person, elicits no significant disturbance in others whose 
mechanism functions normally. 

It would be expedient to distinguish between primary and secondary diseases 

of adaptation. The for are due to lesions originating in the organs of 

laptation (e.g., destruction of the pituitary or adrenals by tumors, compres- 

n of the renal artery by a scar); the latter are caused by abnormal responses 

f these same organs to a stressor which requires adaptation. Each of these 


vo main categories could be further subdivided into diseases due to hyper-, 
hypo- or dysadaptation, according to whether the derangement is chiefly due 
to a deficiency, an excess, or a distortion of the adaptive response. 


Accordingly, the principal diseases of adaptation might perhaps be classified 
as follows: 


I. HYPERFUNCTIONAL AND DYSFUNCTIONAL: 
A. Primary Diseases of Organs of Adaptation: 
(1) Cushing's disease (pituitary hyperfunction) 
(2) Adrenal tumors with “‘Cushing’s syndrome” (adrenal-cortical 
hyperfunction) 
(3) Chromaffinomas (adrenal-medullary hyperfunction) 


(4) Coarctation of the renal artery and other primary diseases of 
the kidney conducive to hypertension (renal hormonal hyper- 
function), 


B. Secondary Diseases Due to Excessive (or Abnormal) Responses of 

Organs of Adaptation: 

(1) Some types of hypertension 

(2) Periarteritis nodosa (also arteriosclerosis and other vascular 

lesions ?) 

(3) Nephrosclerosis 

(4) Some types of nephritis 

(5) Rheumatic diseases 

(6) Eclampsia (?) 

(7) Accidental thymus-involution 

(8) Some types of appendicitis (?) 

(9) Some types of tonsillitis ( 
(10) Gouty arthritis 
(11) Some types 0 
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I. HYPOFUNCTIONAL: 
A. Primary Diseases of Organs of Adaptation: 
(1) Simmond’s disease (pituitary hypofunction 
(2) Addison's disease (“status thymico-lymph .ticus” 2) 
cortical hypofunction ) ; (adrenay, 


B. Secondary Diseases Due to Insufficient Responses of O 
Adaptation: Fans of 
(1) Secondary shock (relative hypocorticoidis ) (?) 
(2) Acute gastrointestinal erosions (“Curling’s ulcer’) 
(3) Waterhouse-Friderichsen syndrome. 


This would be a simple and natural system, but unfortunately, ; 
instances we do not understand the pathogenesis of these diseagaal a ae 
to justify such a classification according to etiology. Hence, at 2 he 
prefer to discuss the diseases of adaptation in conjunction with ee 2 
severely affected targets (e.g., cardiovascular system, joints, metaboli ee, 
further research permits a more logical etiologic classification. Ac an, ets 
later in this book, the diseases will be considered together with ee aby 
poles manifestations of the G-A-S in the chapters devoted to ie 
agg take a rai attempt to give a general introduction to the ee 

es of adaptation and to familiarize the reader with th 
commonly employed terms. BS ca 
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inexplained, spontaneous diseases of man are derangements related to the 
the histologic characteristics of the lesions and 
their distribution in the various organs, the resulting clinico-pathologic picture 

e widely different aspects. In this sense, thromboangiitis obliterans 
obliterans, brain-rheumatism, hypertensive 
ss, and several 


hyalinoses. Depending upon 


disé ase), itt 


dermatomyositis, serum sickne 
tultiforma, erythema nodosum, etc.) should be 
to this group. As we shall see later, there is 
allergic, anaphylactic and rheumatic changes 
of eclampsia (which is so largely dependent 


lit 1 
tis, allergt 


ythemas (ery 


lered as perhaps 
vidence that even variou 
is the hyalinizing necrosis 

1 Na-intake) are alsc related, 

The so-called “serous inflammation” of Eppinger (cf. Glossary) is primarily 
haracterized by loss of the selective permeability of capillaries and cell- 
a serous transudate between the capillaries 
ind the epithelial cells of various parenchymatous organs. This condition is 
very similar to that seen in experimental animals during the A-R or after over- 
dosage with anterior-pituitary, corticoid, or renal-pressor-substances. The 
large body cavities (pleura, peritoneum, pericardium, the joints) are likewise 
frequently the site of “serous inflammation”. If the lesions happen to be 
predominant in these locations, we speak of polyserositis. We must also con- 
sider the possibility, therefore, that here we are again dealing with diseases of 
adaptation, in the sense of the definition given above. 

There are many other diseases in whose etiology an exposure to systemic 
stress — and more particularly a defective or excessive corticoid production 
— appears to play a réle. Among these, we might mention the formation of 
peptic ulcers in the digestive tract, the precipitation of an attack of gout in a 
predisposed subject, certain menstrual anomalies, some types of leanness or 
adiposity, neuroses, various psychosomatic disturbances and perhaps even 
some of the psychoses, the acute accidental thymus-involution of infants, cer- 
tain types of pancreatitis, parotitis, tonsillitis and appendicitis, the occasional 
case of acute Grave’s disease, precipitated by some physical or emotional 
shock, etc. All of these diseases will be discussed later in this volume, in the 
chapters dealing with the response of the corresponding target organs during 
the G-A-S. As we shall see there, the evidence that some of these maladies 
are actually diseases of adaptation is very convincing, as regards others, it is 
quite hypothetical. We felt, however, that it should be one of the major 
objectives of this book to analyze the literature concerning every pathologic 
entity which has been considered, on the basis of reasonable evidence, as 
possibly a disease of adaptation. 

It should be pointed out in this general survey that, in spite of their apparent 
diversity, many of the derangements listed above have been grouped together 
in the past because of certain common characteristics. Thus it has n 
that certain metabolic derangements (leanness, adi od 3 
Grave's disease), as well as gastrointestina 
diseases (especially essential hyper on) 
are essentially “diseases of civilizati 
in primitive societies. Allege 
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. stand out as striking and universally acknowledged examples 

diseases 8 thyrotoxicosis, duodenal ulcer and non-renal hypertensio, of strey 
ene a been attributed to “the conditions under which ; fy 
cot tm of the inhabitants of the older and “en civilized communitieg 2 
and these are the conditions that are causing i em to break down Hes lie 
producing a group of diseases that we may call the stress diseaseg) 
monograph on the pertinent geriatric literature States, in discussin, 
“diseases of the aged”, that “under continued stress, the weakest oat i the 
body shows the result of strain. Influenced by hereditary tendencies the 
following conditions may result from, or be aggravated by Stress: hy he 
metabolism, hyperglycemia, arterial hypertension, peptic ulcer, auton om 
nervous system imbalance, endocrine disturbance, cardiovascular ie 
and anemia".2° Essentially this same group of diseases, as well ease, 


as leanness 
ve diseases” 
mphasize the 


obesity and arthritis are also frequently described as “degenerati 
or “wear-and-tear diseases”. All these terms are selected to e 
stress-element in their pathogenesis.*" 

Of course not only the stresses ‘characteristic of civilized life’ can 
such maladies. “Focal infection” is another example of a continuously acti 
systemic stressor to which maladaptation can occur. A great deal of evidena 
has been adduced to show that rheumatoid diseases, allergy, hyperthyroidisn, 
diabetes mellitus, menstrual disorders, peptic ulcers, hypertension, neural "ad 
and certain types of nephritis can develop as a consequence of an a 
relatively unimportant, focus of infection.22 

The so-called “exaggeration phenomena” are especially pertinent to this 
problem. It was found that a sudden exaggeration of previously existing 
disease-manifestations may occur in patients under the influence of a surgical 
Poe or other stressful procedures (e.g., mental shock, infections). This 
fe eed ha sonny efit of te G-A'S Tm be 
Auchan penal ibe Sie Se ele eed pronounced lesions in those 
Rertiasiaseallg Nelouc ty i eee latent, derangement. This hypo- 
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I'he apparent polymorphism of the responses to systemic stress is largely due 
which influence the end-results of such simple 
the gastric or duodenal mucosa rapidly leads 

the formation of an ulcer, because the damaged surface-epithelium can no 
onger protect itself against self-digestion by the gastrointestinal juices; injury 
) the hepatic cells tends to cause fatty degeneration of the liver because, owing 
fat-storage happens to be a characteristic response 
injuries. During the G-A-S, as we shall see, 
case, hepatic steatosis in another, 


to local factors in various organ 


saction For instance, injury to 


local enzymatic conditions, 
f the hepatic cells to many types of 

jastro-inte tinal ulcer may develop in one 

hile in a third both these lesions may evolve simultaneously, depending upon 
the sensitivity of these two targets. Yet, every organ, if it responds at all, does 
6 in its own characteristic way, the reactions in the various tissues are by no 
means haphazard. Under no conditions will systemic stress cause steatosis of 
the stomach or ulcer-formation on the liver surface ! 

It may appear rather far-fetched to consider some of the above-mentioned 
derangements as diseases of adaptation. The arguments for and against such 
an interpretation will be critically analyzed in those chapters of this book which 
are devoted to the organs principally affected by these maladies. However, 
to prevent the reader from losing patience with us before he reaches these 
chapters, let us remind him of the reserve with which — only a few years ago — 
he would have considered the suggestion of an etiologic relationship between 
the adrenal cortex and rheumatoid arthritis, hypertension or accidental thymus 
involution. 


C — Glossary of Terms and Concepts commonly used in connection with the 
G-A-S and its Diseases. 


It is surprizing that such a common biologic phenomenon as the G-A-S 
was not discovered long ago. Apparently previous investigators whose work 
touched upon this field invariably became so absorbed in certain individual 
manifestations that they failed to recognize the general syndrome of which the 
object of their particular attention merely formed a part. Usually such observa- 
tions were limited to the isolated description of a change which occurred under 
the influence of an experimental intervention, hence the former was considered 
to be the specific effect of the latter. For instance a number of investigators 
noted adrenal-enlargement following treatment with certain drugs, hence they 


ae affects most targets in a qualitatively 
oes. Hence, it is not unreasonable to assume 


similar manner as the G-A-S 
that the actions of loca 


described their observations to show that these compounds are distinguished by 
a specific pharmaco-dynamic action upon the suprarenals. Many observations 
of this type will be mentioned in the section “Course of the General-Adaptation- 
Syndrome” in connection with the affected metabolite or targ 

we shall also endeavour to show that these are not 
dynamic actions, but part of a syndrome 
they cause. Spontaneous diseases, 
to the G-A-S, will also be discus 
affected targets. 
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Homeostasis. — This has been defined os ae as: "The CO6rdj 
physiological processes which maintain most : ¢ B ste idy States invited 
organism”. This rather broad alee glean he pectic reactions iny, RK e 
in the maintenance of a constant milieu intérieur’’; it does not differe, Ved 
between specific and non-specific defense-phenomena. Thus Cannon aatiate 


tinguishes as separate homeostatic mechanisms those assu: ing the cong is. 
of the blood-sugar, blood-proteins, blood-calcium, body-temperature, ¥f an 
contrast the G-A-S co-ordinates such individual homeostatic mechanic” 
a balanced defense-reaction to non-specific stress. Moreover, 
all those consequences of systemic stress, which are merely expressio 
damage, not of defense. To deal conjointly with damage and the der 
against damage is theoretically somewhat unsatisfactory, bit in praia 
avoidable until we learn to delimit these intricately intermixed phenomen, 

a 


better than we can at present. 


Tachyphylaxis, — In 1911, Cesa-Bianchi *° made an observation which 
have been the first evidence of “crossed resistance” during the counter-shoe} 
phase. He noted that rabbits receiving intravenous injections of a toxic sed 
extract, become more resistant to subsequent injections, both of the same anf 
of different organ-extracts. This phenomenon was also studied by Champ call 
Gley ** — who named it “tachyphylaxis” (“rapid readiness") — aa i 
numerous subsequent investigators,” ; 

The term “skeptophylaxis” (“lightening readiness”) has been coined by Ancel 
et al.*® to describe this same phenomenon. ; 


Biophylaxis. — This designation was introduced by Tzanck et al.,®° to denote 
all non-specific defense-mechanisms (e.g., phagocytosis, inflammation) exclusive 
of true immune-reactions, These authors limited themselves, almost entirely, 
to theoretic considerations and gave so little factual evidence that it is almost 
ee to determine exactly what phenomena they observed. It is probable, 

owever, that their concept came close to Cannon's interpretation of homeostasis. 
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destruction and regeneration of cells. Some investigators claimed that certain 


caryoclastic drugs act more specifically on pycnosis, others on mitosis.** 

All of the “caryoclastic drugs”, which we had occasion to examine, produce 
ypical A-R changes. This has been demonstrated especially clearly for col- 
hicine,** one of the most active compounds of this group. It was also moted 
hat waves of pycnoses in the thymus and lymph nodes are produced by all 


stimuli, not only drugs but also spinal or surgical shock, exposure 
muscular exercise, et: Thus it appears rather likely that, in the 
crisis, we are merely dealing with one aspect of the A-R and not 
ific pharmacologic action of a special class of drugs. Of course 
itresting effect of certain caryoclastic drugs is independent of 
ind, incidentally, unaffected by adrenalectomy.** The relationship 
the caryoclastic drugs and other alarming stimuli is extremely close, 


>Y 


Hemoclastic crisis. — Widal et al.°* gave a detailed description of a clinical 
yndrome which they termed “crise hémoclasique”’ (crisis of blood-breakdown). 
This was first observed in patients with cold-hemoglobinuria and later in many 

other clinical conditions, such as allergic reactions, infectious diseases, etc. 
The outstanding features of this syndrome are leucopenia, a decrease in the 
refractive index of the serum, decrease in blood-clotting time and hypotension. 
Albuminuria and fever are sometimes also observed, but these are less constant. 
Since both Widal’s reaction and the A-R are largely catabolic responses to 
acute systemic stress, there probably exist close relationships between them.*? 


The “malignant syndrome”. — With the designation ‘Le syndr6éme malin des 
maladies infectueuses’’ the French school has long recognized the fact that many 
manifestations of grave infectious diseases (stupor, derangement of thermo- 
regulation, dehydration, azotemia, albuminuria, a hemorrhagic diathesis, cardio- 
vascular disturbances, etc.) are independent of the pathogenic organism and 
common to diverse infections which cause severe stress.°8 The relationship of 
this “malignant syndrome” to the G-A-S has recently been the subject of con- 
siderable study.®® 


“Chronic shock” and “medical shock”. — The term chronic shock has been 
applied to a condition characterized by weight loss, decreased blood-volume, 
decreased blood-protein content and increased interstitial fluid volume. Fre- 
quently it is accompanied by anemia and edema. A variety of wasting systemic 
diseases (chronic infections, malignant tumors, peptic ulcers, malnutrition, 
hepatic insufficiency, etc.) may elicit this condition.3 It corresponds essen- 
tially to what has been termed by others “medical shock”. 


88 Brock et al. 81456/39, 36 12298/21. 
Cavallero 78616/39, 37 De 
Chodkowski 78617/39, \ 
Delcourt 78615/39, 

Dustin B5348/38, 78614/39, 
Grégoire 85577/45, 
Grégoire and Lison 85578/34. 

84 Leblond and Segal A50424/38. 
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“Toxic destruction of protein”. — Th oo describes the sudd 
catabolism seen in many acute febrile infections, acute hemorrha €n Protein 
and other types of acute systemic stress. It refers to the Participatig e, rane 
in the ‘catabolic impulse” of the A-R and is closely related to theese Protein 
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ature to describe this phenomenon. The various types of “shock therapy’’,** 
including the malaria-therapy * as well as other types of “fever-therapy’,*” 


i ique” (see below). The term is still in use ks 
polypeptidotoxiq USe to dec: om, ee aria-therar other typ er apy’ 
repercussions upon protein-metabolism of syndromes such as those th protein slat f insulin shock-therapy a matcaselvalot ie eee 

> i i sti ee eSen etectro-convulsive therapt > need only be mentione ere with key-reter s 
under the names of post-operative disease, caryoclasti: Crisis, ete.40 Cribeq to. the hea in cy tintiomn af tee geetiacent ESTE 


“Biweisszerfallsvergiftung” of se : a i teh sae = 

responds to the Eiweis g J the German MVestigaty Cor. in be found. (Cf. corresponding agents in section on “Alarming Stimuli’.) 
“Toxic aminemia’. — Under the name of “‘l'aminémix toxique” a It probable that all these phenomena are closely related to the increase in 
et al.4! described a syndrome of protein-catabolism, caused by ae L -sistance seen during the “‘phylactic” reactions (see above) and correspond to 
in which the clinical signs were ascribed to the formation o{ amine ae Stregg crossed-resistance” during the G-A-S. ; Significantly, artificial fever 
S (hist tigates anaphylaxis in sensitized guinea-pigs.”* 


tyramine, etc.) from protein-cleavage products. It is closely re] amine 
“syndrome chimique d histolyse pieatae «described Be the cane to the Focal infection.» — This term is applied to infections in which pathogenic 
characteristic of patients in whom much tissue is Be emoyed b 5 authors as ro-organisms settle in circumscribed areas and although the local manifesta- 
burns, etc.*” Y *-Tays, trauma tions may be negligible, these foci tend to cause severe pathologic changes in 
‘ listant organs. The favorite sites of focal infections are the tonsils, periodontal 
tissue, nasal sinuses, fallopian tubes and the prostate. Allegedly the most com- 


Syndrome polypeptidotoxique. — This syndrome is characterized by 
an 


unusually high blood-polypeptide-content e.g., in acute hepatic insula mon changes caused by focal infections are the following: acute rheumatic 
lency, 


fever, chronic “rheumatism’’, lumbago, neuralgias, hypertension, arteritis, acute 


after burns, traumas and other severe systemic injuries. It is obvious] 

to, if not identical with, the so-called ‘catabolic iapulse” of the A S y related or chronic nephritis, aplastic anemia, allergic manifestations such as uticaria 

there is a conspicuous, sudden protein-breakdown and ps -R, in which purpuras, and perhaps even Grave's disease. It is characteristic of focal infec- 

function is impaired ~ a concomitant eds ta th blo. ea if renal tions that they tend to cause systemic changes periodically, with comparatively 

protein-split-products.® An increase i Biesd e fefe) “concentration of symptom-free intervals, and that removal of the causative primary focus of 
se in blood-polypeptides is often found in infection almost invariably results in a cure. Many investigators ascribe the 


“toxic uremia” and i : 

‘i has been claimed to play an important réle in produci systemic manifestations of focal infections to periodic invasion of the blood- 

the uremic syndrome.*4 ing : : . ; 
stream by micro-organisms, others regard them as due to the discharge of toxic 

products or to some allergic reactions. It is possible that any one of these 


Post-operative disease. — ante : 

Leriche et al.4° described a Se ra of Maladie postopératoire” pathogenic mechanisms may be operative in different cases, but in any event 

variety of surgical interventions. Its char es oye cere in patients following a either of them would lead to systemic stress. It is tempting to assume, there- 

aa /0) cAuumanal Bee iia dest eristic manifestations were listed fore, that the lesions in distant organs, caused by focal infections, are merely 

reserve, increase in blood-N.P.N » Hypochloruria, decrease in blood-alkali- another example of the diseases of adaptation, in the sense of a severe mal- 

extra-systoles, cyanosis stiri ‘N.), (2) vascular (hypotension, tachycardia, adaptation to a comparatively unimportant pathogenic focus. 

fall followed by an gees regi collapse) and (3) hematologic (transitory Anoci-association. — Crile and Lower coined this term to describe “an 
se in blood-platelets with a maximum on the tenth operative technique, which will exclude from the brain the stimuli of the special 


senses and the stimuli of common sensation.’ They clearly recognized that 
intense nervous stimuli, such as fear and pain before or during an operation, may 
in themselves be very damaging; hence they emphasized the importance of 
avoiding such stressors in surgery, as far as possible, to diminish the likelihood 
of shock. In subsequent largely speculative writings Crile’ attempted to 
extend this concept of damage through pain to various ‘Phenomena of Life’. 
As regards the G-A-S, the chief interest of his books lies in their excellent des- 
criptions of psychosomatic manifestations. 


The reactional state. — Guieysse-Pellissier °§ desc 


day, leucocytosis, hypercalce 
formation of thromboses). 


Non-specific thera 
‘, py. — Si 
specific resistance aoe th pire gs 


mia, hyperkalemia, and a great tendency to the 
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The terms “Le; 
eistu 0 fy 
ngssteigerung” (increased efficiency) and “Protop fast 


ierung” (protoplasma-. : 
plasma-activation) have been widely used in the German 
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normal organs, stimulating the growth of their 
e 


F ture of “ i 
in. the struc ’ He states that “the reactional state manifest 


: , &me, 
without killing them. S itself ° 


cellular hyperplasia which affects ia exclusively fhe lymphatic Sel, 
The designation especially referred to such excessive proliferations of lym Sue," 
elements as occur under the influence of local irritations, for instance Phat 
appendix or tonsils. This condition is not sufficiently defined ro en the 
profitable discussion of its possible relationship to the G-A-S. it 4 
Serous inflammation. — Under the name of “Serdse undung”’ Ree 
Eppinger® and their respective schools, described the fact that ne des OR 


f various noxious agents the normally low protein Concentratig 
n 


influence o 

the intercellular fluid rises due to migration of plasma into the intercel 
spaces. This migration — which is referred to by Eppinger a: “ albuminurs a 
the tissues” — is the result of increased capillary permeability, [¢ is sie: 
panied by blood-plasma imbibition of parenchymatous ceils, with a athe A 
their NaCl, Ca and water content and a decrease in their PO, and K tae in 
Thus the chemical composition of the intra and extracellular fluids bean 


equalized. This is presumably due to a loss of the characteristic “select 

permeability” of cell-membranes which helps to keep certain compounds inside 
others outside the cell. A-R changes in the adrenals *® and in the intestinal 
tract,®® accompany this syndrome in man. These observations emphasize a 
close correlations between the concepts of “serous inflammation” and of the AR 


The anamnestic reaction. — This is probably an integral part of the G-A-s 
The term “anamnestic reaction’ (reaction of recalling) has been detined as: 
“The enhancement of antibody titer which follows the injection of a variety of 
non-specific substances other than the original antigen’’.® Such reactions ma 
explain some of the manifestations of “crossed-resistance’”’. } 


The “Shwartzman Phenomenon”. — The term “phenomenon of local tissue- 
reactivity” has been introduced by Shwartzman.** He found that if a rabbit 


after another four hours, in the region of the 
The substances used respectively for pre- 
the reaction need not be the same nor do 
For instance, after preparation of the skin 
enomenon can be elicited by intravenous 
y those substances can be used for prepara 
swelling that lasts at least 24 hours. 


°4 B19913/37, 
*° B25271/26, B25272//36. 


"® Dougherty et al. B142/ 455 
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lomerular hemorrhages, tubular necrosis and often extensive bilateral cortical 
vith severe hemorrhages. Simultaneously, multiple, mural vascular 

bi are formed in the bone-marrow, spleen, liver, lungs and occasionally 
xtensive adrenal-necrosis.* The so-called “phenomenon of non-specific 
ommonly seen in tuberculosis or typhoid fever, is closely related to, 

cal with the ‘“Sanarelli-Shwartzman phenomenon.” Allegedly the 
Shwartzman phenomenon is due to endogenous histamine-liberation.” 
hanges resemble those often encountered in man, in association with 
purpuras. The “general phenomenon” is claimed to be closely related 

iden death which sometimes occurs following intravenous injection of 
cine in man.® In such cases, post-mortem examination revealed 


purpuric spots in the pericardium, endocardium, peritoneum and skin, 
: ; in the kidneys and lungs as well as necrotic foci in kidneys, liver 
idrenals. The morphologic changes in the kidneys, adrenals and the 

rdiovascular system, are sufficiently similar to those of experimental (e.g., 

nonally produced) “‘hyalinosis’ to suggest the possibility of pathogenic 
relationships between them. The discovery of such connections between the 
liseases of adaptation and “‘allergic-pathergic’’ lesions would open an intriguing 
new approach to the problem of allergy. 

Thrombosis, with the formation of fibrin, endows the plasma with vaso- 
pressor activity (see: “Spatgift’), hence the possibility should be envisaged 
that in the Sanarelli-Shwartzman phenomenon the thrombosis itself is the 
immediate reason for the local vasoconstriction which leads to necrosis. If 
numerous thromboses are simultaneously formed in many branches of the 
vascular tree — as is also the case in the experimental “hyalinoses’”’ — the 
resulting formation of vasopressor material may perhaps even suffice to raise 
the systemic blood-pressure. (Cf. Serologic reactions.) 


1 


D — Abbreviations, Symbols and Special Technical Terms 


(For a more detailed characterization of metabolites, especially hormones, 
cf. chapter: “Metabolism”’) 


ACTP = adreno-corticotrophic polypeptide; a hydrolyzate of ACTH. 

ACTH = adreno-corticotrophic hormone or corticotrophin. 

ADP = adenosine-diphosphate. 

A-R = alarm-reaction. 

A-R changes = changes characteristic of the A-R. 

ATP = adenosine-triphosphate. 

B.M.R. = Basal metabolic rate. 

Corticoids = substances simulating the activity of the adrenal-cortex. 
The following are some members of this group to which reference is made in the text. 
For a detailed review of these and other steroids see Selye: (A57606/43). 


yt20% = CORTISONE (Reichstein's cpd. “Fa 6”. 
Wintersteiner's cpd. “F’, 17 
sterone). ; 
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ii DESOXOCORTISONE (Reichstein's ens ae 
C=0 17-hydroxy-corticosterone ) , oe lg 
A Stony 
4 a 
ne DESOX YCORTICOSTERONE CETATR 
c= Reichstein's cpd. “Q”, Kenda}! dex (acetat, 
OS hydroxy-progesterone). *Y Cpd, “Br io 
el CORTICOSTERONE (Kendall's cpa. “RB” Rej 
c=o “H", 11-21-dihydroxy-progesterone). | ichstein's ond 


DEH YDROCORTICOSTERONE (Kendall's cpd. “A") 


17-HYDROX YCORTICOSTERONE ( 


Kendall’ pe 
Reichstein's cpd. “M"). aS cpa, ae 


Cortisone; see corticoids, above. 
DCA = desoxycorticosterone acetate; 
Desoxocortisone; see corticoids, above. 
Dopa = dihydroxyphenylalanine, 
Endocrine kidney = a kidney which has been so mod 
continues to secrete RPS, 


= Fal nephron which has been so modified that it ceased to secrete but 
Continues to produce RPS, 


ESR, = erythrocyte-sedimentation rate 

Folliculoids — compounds simula , 

G-A-S = general-adaptation-synd 

aoe = gluco-corticoids, 

bs = gluco-corticotrophic effect, 
UCO-corticoids — corticoids Particular] 


Sugar concentrations 
action — 


see corticoids, above. 


ified that it ceases to produce urine but 
Endocrine nephron 


ting the hormonal activity of an ovarian follicle. 
rome, 


ly effective in raising the liver-glycogen and bloot 
(eg., Cortisone), 


ti . aa 
stimulation of G-C Production (not necessarily due to 5° 
Kendall's compounds: arate hormone), 
=f * See: Corticoids, above 
= lyophilized ante , 


Gluco-corticotrophic 


Lipo-corticoids = ee tissue. 
Particular] ri P i 
utectay <a : the liver), my effective in Causing fat-deposition (especially 


MC = Simulating th 
MCT ~_Imineralo-corticoids, 9 the hormonal activity of the corpus luteum. 
= ‘mineralo-corticotrophic effect 
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) the hormonal activity of the adrenal medulla 


tive in causing sodium-retention and 


Jesoxocortisone } 
rophic action timuls 1 of M-C production (not necessarily due to 
he 
itrogen 
j Ce 
r substar 
helia tes 
tre If the tert ised in another sense in this book, this will be 
415 at 
-n oducing ystemic« tress 
hick lus. Both structural (e.g. heart) and chemical (e.g., 


timuli are thus designated. 
administered as the chloride) 


the hormonal activity of the testis 


aso-depressor material 
| asi-excitor material 


KS 17-ketosteroids 


FACTORS WHICH ELICIT THE G-A-S 
(The “Alarming Stimuli” or Stressor Agents) 


As previously stated (see: Definitions and Terminology) the term “alarming 
stimulus” denotes a “stressor” agent, that is, one which causes systemic stress. 
The latter may be defined as a deviation from the normal resting condition, in 
extensive regions of the body. Any change affecting a living organism is a 
stressor, as it elicits some efforts to resist and hence at least mild manifestations 
of an A-R. 

Agents whose action is localized and requires no important general adaptive 
adjustment (e.g., selectively acting drugs, amputation of limbs), are relatively 
mild alarming stimuli, even if they maximally stimulate, or actually kill, limited 
cell-groups. Conversely, agents which, even though mildly, affect large portions 
of the body (e.g., extensive trauma, muscular exercise, cold, hemorrhage, solar or 
roentgen radiations) evoke an intense G-A-S. 

It must be especially emphasized — since the point has so often been 
misinterpreted in the literature — that the A-R is not necessarily a pathologic 
phenomenon. In the case of mild exposure to stress, there is no ‘‘shock” in the 
ordinary sense of that word. Slight hyperglycemia, tachycardia and leucocytosis 
may be the only detectable signs of ‘alarm’. There is a continuous series of 
transitions between the definitely physiologic adaptive processes to the strains 
of everyday life and the most severe alarm-reactions which cause death in the 
shock-phase. 

In view of these considerations it hardly seems useful, or ey 
mention each stressor agent which can produce an A-] 
exposure, an entire G-A-S. Nevertheless, it w: 
terize each of the principal alarming s 
investigators are interested in the G-A-S 
effects of one or the other s 
of their study (e.g 


GENERAL REMARKS 
28 


survey those agents 
will attempt to delin 
agents. Among the i 
those suited to 
specific effects of ¢ 
with the G-A-S wer 


Trauma. — Direct mechanical injury to large portions of the bo 
accidental trauma or major surgical interventions) , is eminently endo ia 
the two most important attributes of alarming stimu: ediga 


(1) man : 
affected, (2) the change requires much adjustment and adiptation. Thee ate 
of cells affected depends partly upon the extent of the trauma itselp (pee 
injury), and partly upon the resulting humoral and nervous danas (diteg, 

(secondary injury). The necessity for adaptation and repair is o¢cagiong ta 
the widespread cell-destruction, the loss of blood, etc. Convers ne 
mechanical trauma to tissues does not appear to possess any important spent 
: i i i d the changes causec i Peele 
actions of its own, if we disregard t ges caused by interference \y; 
the functions of directly injured organs. It is for this reason that the s re 
of “traumatic shock” furnished us with the earliest good descriptj ra 
i g escriptions of what 

we now realize to be the first phase of the G-A-S to non-specific, systemic str 
The previously-mentioned publications on the “‘post-operative disease” He 
Glossary) contain many interesting pertinent observations. “ 
In the light of these considerations it is understandable that simple surgical 
trauma also proved to be one of the most useful stressors in the experimental 
investigations which led to the discovery of the A-R ? and the G-A-S?3 In these 
early experiments trauma was produced by crushing of intestines or the muscles 
of the anterior abdominal wall, fractures of bones, etc. It was found that such 
pore ie regularly produce an enlargement of the adrenal-cortex (with 
eh of its lipid-granules), gastrointestinal erosions (with hemorrhages 
ae e ieee peed as well as acute involution of the thymus, lymph- 
a sey . spleen. As in alarm-reactions produced by other systemic stressor 
nae an = morphologic changes were accompanied by the characteristic 
ee es of the “catabolic impulse”. The thymico-lymphatic 
ee ‘ ‘ not the other organ lesions) could be prevented by adrenal: 
‘i y. shortly speaking, the reaction was similar in all important points (0 
that elicited by any alarming stimulus, 
Since it is difficult to 


ely, Purely 


subject experimental animals to frequently repeated 
ique of producing mechanical tissue-injury had to be 


* Best and Soland 
Blalock B19049/ 36, 070/40. 
Blalock B19049/39, B, 

Cannon A32617/23, °19948/40. 
Erank et al, 93252/46, 


Gregersen 96515 f 
Krogh 12532/31, "Kenia A32639,/3, 


Moon A16304/38, B19951/48. 
Parsons and Phemister B19950/. 
. Raven B36453/42, Scudder 
Selye 36032/36. Pe 
® Selye 38798 /37, B 
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atrophy, gastrointestinal ulcers and other manifestations of the A-R. However, 
upon chronic exposure, they revealed the interesting fact that a certain degree of 
idaptation can be acquired even to the shock-producing action of mechanical 


Obstetric shocks — This condition, which is usually seen after complicated 
probably closely related to other types of traumatic shock. The 
but vaguely defined by such postulates as “that the patient shall 

hock in connection with obstetrics, no matter what the cause of 
the ® The only important characteristic of this condition, which 

f tiates it from the usual response to intense systemic stress, is the 

mentioned predominance of multiple hemorrhages and ischemic 
in various organs, particularly the pituitary. Infarcts in the anterior- 
is after complicated deliveries may permanently impair adaptation 
1 frequent cause of Simmonds’ cachexia. 


Surgical interference with vital organs. — Suffice it merely to mention that in 
addition to the direct systemic stress produced by trauma, considerable injury 
may be inflicted upon many cells of the organism, indirectly, through traumatic 


(mechanical or chemical) interference with the function of vital organs. Injury 
to the glands involved in the regulation of the metabolism, for instance the 
liver or kidney, may derange their function and thus cause particularly 
pronounced systemic stress due to the ensuing changes in the chemical com- 
position of the ‘milieu intérieur’’, A minor traumatic injury to the hypothalamus 
can cause intense systemic stress by interfering with the nervous regulation of 
metabolic functions. 

All these types of lesions are clear-cut examples of non-specific damage 
secondary to the selective effect of a specific agent upon a target which in its 
turn influences the organism as a whole. 


These interventions incidentally illustrate lesions in which there is marked 
“distortion” of the G-A-S, due to the addition or subtraction of certain specific 
changes. For instance destruction of the liver causes systemic stress with a 
typical G-A-S, except that there is no increase in fibrinogen-formation, since the 
latter is made in the liver. After renal injuries, the specific actions of uremia are 
superimposed upon the G-A-S manifestations while the characteristically 
increased nitrogen-excretion of the catabolic phase may be inhibited by anuria. 
With hypothalamic injuries various specific nervous manifestations (their nature 
depending upon the extent of the lesion) will be added to the non-specific 
G-A-S. 

A few other examples deserve special mention. Thus, ligature of the common 
bile-duct produces typical and very intense G-A-S changes in the rabbit, pre- 
sumably because of the resulting liver-insufficiency and the retention of 
toxic bile.7 


Complete evisceration is a very intense alarming stimul 
none of the intraperitoneal organs are indispensable for the 


+ Neufeld et al. A63529/43, 
Noble A56868/43, 
Noble and Toby B3012/45, 
Toby and Noble 85127/44, 
A57983/43 2 
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absorption of toxic products from the ne: ia 
- ae vase uisite for its production.* tkewig, 7 
reement with expectations general peritonit cope ; 
In a especially if it results in marked intestinal 2: ny. Ie ; ever 
ea dust “3 stage of shock may ox durin the healing 
sonitis when intestinal function suddenly is resumed” 4 and 2 seo . 
readapt to it. 
gy occlusion of blood vessels.* — Cannon cribed the 
unwounded man who suffered merely a compression of thigh, en Ase of 
i four hours; after being released he ing Ween fala 
timber, for rwenty 0 ige oa 


similar to those elicited by direct trauma. 

The principal value of this technique was to suggest the humoral medias 
of shock. Only a blood-borne, chemical transmission of the shock-imdat 
impulse could explain: (1) that shock ensued after release of the a 
but not during interruption of the circulation, (2) that release of a iene 
occlusion of the limb-vessels is followed by shock even if all other connectigl 
between body and limb are severed. The tourniquet technique also proved tok 
very valuable in studies concerning the chemical composition of blood com; 
from a limited injured area. For this purpose it was used in the cat, dog and 
monkey. 


Hemorrhage.” — Loss of blood almost invariably accompanies traumatic 
injuries and adds to the systemic stress caused by the latter. But even by 
itself, massive hemorrhage acts as an intense alarming stimulus, since it repre- 
sents a severe stress for nearly all tissues of the body. Therefore, experimental 
hemorrhages have been extensively employed in the study of the A-R, Using 
suitable precautions this agent lends itself especially well to the production of 
graded degrees of stress.14 ] 


effi “e . ” E 
poate’ bloodletting was due to the “crossed resistance” or “shock 
‘apy effect to this systemic stressor agent. 
we : is: et 
Feds ers later, ascorbic-acid-depletion of the adrenal (and to a less 
Ssues) is rather characteristic of the G-A-S, It is notewor™ 
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1 can synthesize ascorbic-acid, hemorrhagic 
vitamin from the adrenals and liver.1® In 
2 nutritional intake of ascorbic-acid, 
resistance to hemorrhagic shock.” 


y of ascorbic-acid is a limiting factor in 


ugic leucocytosis is presumably also 
t has been claimed that after hemorrhage 
actic properties, demonstrable by injection into 

rom one in hemorrhagic shock. This has not 


been known that severe burns, affecting a large 
duce characteristic changes at a distance from 
y. Among these are adrenal-cortical hyperemia sometimes with 
norrhagic gastrointestinal erosions (the so-called “Curling’s 


Burns. — It has long 


-surface, pr 


yrrhage 

r) and biochemical changes which are now recognized to be part of the 
G-A-S, More recently it has been claimed that death in such cases “may be 
attributed to adrenal exhaustion and renal failure’’.2° Glendening et al.*" sum- 


marized analogous observations in their paper “Study of the Alarm Reaction in 
burned human subjects and its possible significance in war injuries”. 

The endocrine factors involved in defense to burns also appear to be essentially 
those of the G-A-S, It has been shown ”? that “after the production of standard- 
ized scalds in anesthetized rats there was a significant fall in the total 
cholesterol of the adrenal gland (e.g., from a normal concentration of 4.2 mg. 
per 100 mg. of adrenal weight to as low as 0.7 mg.). This fall did not occur in 
hypophysectomized rats, indicating that the effect of the burn may not be directly 
on the adrenal gland but mediated by the pituitary gland, possibly by a 
stimulation of the production or the outpouring of adrenotropic hormones”. 

Among the more or less specific changes which tend to complicate a G-A-S 
produced by burns are: (1) enormous plasma-loss through oozing from the 
injured area, (2) particularly sudden and intense proteolysis in the burned region 
and consequently, auto-intoxication with tissue~decomposition-products, (3) 
poisoning by drugs (e.g., tannic acid) of which excessive quantities are applied 
to the rapidly absorbing wound surface. 


Temperature.** — Exposure to extremes of temperature likewise causes a 
stress affecting most tissues of the body. In agreement with expectations, 
exposure to severe cold elicits typical A-R changes such as adrenal-enlargement, 
thymico-lymphatic atrophy, gastrointestinal ulcers, generalized tissue break- 
down, leucopenia, etc.** Indeed exposure to low surrounding temperature 
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of producing ; : 
d to be such an excellent means of p - 9 Imost Purely 
-— «that it was routinely used are standard systemic Stressop 2 he 
a : -A-S.75 x 
ere studies concerning the G-A-S. Vent jy 


Frost-bite due to local cooling may also produc. ystemic A. 
the most noteworthy facts are: (1) the Praila rity 
in ed area to those occurring systemically during an AR 
on a (2) the resemblance of the “immersion |:.,/"' 
e tecesbie to the experimental hormonal arthritid: 
claimed that tissues exposed to cold fo: 


been 1 ““histotox;.» 

to iat dlenadly produced by otherwise damaged tissues, hig ed iy 
supposed to play an important réle in the developmen: of the systemic mit, 
caused by cold,?’ but these observations have not bee: confirmed 

Exposure to extreme heat produces the well-known syndrome ok4 
stroke’.2® In man there may be erosions in the stomach and dus hae ea 
bleeding into the gastro-intestinal tract, typical A-R changes in tie a 
cortex (“tubular degeneration”’), involution of the thymico-lymphatic * 
elevation of blood N.P.N., hypochloremia, formation of transudates sa 
serous cavities and — upon prolonged exposure — focal myocardial dege 
tion with renal changes similar to those seen in the ‘crush syndrome” 2 Ball 


lesions, such as edema, hyperemia and hemorrhages," are more Prominent 
acute heat-stroke than in most other stress-situations and hence ni 
regarded as somewhat specific of heat. 


Pertinent observations were also made in rats in which artificial fever wa 
produced by treatment with ultra-high frequency radio-emanations. Here, th 
adrenal-cortical lipids were depleted at first, but this was followed by increas! 
storage during the phase of resistance. It was concluded that‘... fever induced 
by ultra-high frequency radio-waves may have acted as a thermal stimuli 
which induced the chain of effects which accompany the alarm state”. Obs 
vations in man revealed that DCA prevents the NaCl-loss in sweat and uris 
as well as the excess urinary elimination of nitrogen normally occurring durin 


exposure to humid heat. From this it was concluded that the adrenal-cotte 
is important for adaptation to heat.33 


— The penetrating nature of x-rays renders them eminent) 
yee ae! produce _the systemic stress so essential in evoking the G- 
Sah Metedt plameaiigl who studied the morphologic and metad® 
produces ie Y Saas: came to the conclusion that ‘‘radiation sicki® 
Heeinnaiatts, ' strikingly similar to those elicited by other types of syste# 
r notably: involution of the thymico-lymphatic apparatus, gastro-int®s™ 
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lcers, hemoconcentration, a derangement in the blood-clotting mechanism, etc.” 


This soon led to the suspicion that endocrine reactions may play a part in 
1 } ally, that a ‘relative’ corticoid-deficiency 


* and, more spec 


in cases of acute, severe nic x-ray damage.’ 
; : vith what is known about other alarming 
renalectomy almost completely prevents the thymico- 
ystemic x-ray-damage if the thymus itself 
irradiation of the thymus causes it to involute 
he adrenals After total-body-x-irradiation, there is, further- 
irly decrease in adrenal-cholesterol which is similar to that caused 
hic I one administration.*® In mice it was shown that total- 
+s involution of the thymico-lymphatic apparatus, fall in 
rise in serum-protein and y-globulin with signs 
Only after mild total-body-x-irradiation is the 
uch changes prevented by adrenalectomy. “It is suggested that 


1 ert both lirect and an indirect effect on lymphocytes. The direct 

n may be manifested even in the absence of the pituitary or adrenals, 

whereas the indirect action is mediated via the pituitary-adrenal-cortical 
rT chani I 

It has been demonstrated furthermore that in mice mild total-body-x-irradia- 


tion (3 weekly exposures of 144 r. followed by a 30 day rest) increases 
resistance to a subsequent lethal dose of x-rays. “It is difficult to visualize that 
cellular resistance to x-ray was actually increased. It is more plausible to 
consider that the previous sublethal exposure increased the non-specific resis- 
tance as defined by Selye or perhaps increased the specific resistance by 
developing protective bodies against the products of cellular destruction’”.*! 

Among the rather specific effects of x-rays and other ionizing radiations 
(see below) are: (1) the often rather prolonged latent-period between 
exposure and the full development of a G-A-S, (2) the derangement in blood- 
clotting and the gastrointestinal lesions are unusually severe, (3) the lympho- 
lytic effect is largely independent of adrenal-mediation. 


Other ionizing radiations.” — In mice total-body-irradiation with effective 
doses of neutron rays leads to a “‘clinical, bacteriological and anatomical picture 
similar to that following roentgen irradiation’.** Those investigators who 
examined the radiation-syndrome particularly with regard to its possible relation- 
ship to the G-A-S came to the conclusion that ‘nearly every organ system is 
affected by a single 30 day LD5» dose of any type of ionizing radiation. The 
most sensitive systems are the blood forming organs, the gastrointestinal tract 
and the gonads.” ... ‘there are striking similarities to anaphylactic shock 
and to the non-specific (alarm) reactions to a variety of diverse toxic agents 
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The systemic damage caused by radium is similar to that caused 5 
Y Other 


Solar radiation. — Exposure to intense solar radiation likewise 
A-R changes. If shaved guinea-pigs are exposed to intense sun; Frode 
exhibit hyperemia of various internal organs, hemorrhages into ne {they 
intestinal tract and the pleural cavities as well as interstitial pneum he Gastro. 
latter are perhaps more frequent than could be expected on the sem qt 
purely non-specific stress-effect.*7 The complex nature of this Pi Of a 
makes it impossible to determine the relative réles played by various és agen, 
heat. Exposure of rabbits to mild ultraviolet-irradiation caused ane and 
adrenal-enlargement and thymus-atrophy after six weeks.*8 In ares sigh 
ultraviolet-irradiation caused biphasic blood-chemical changes typical 7 
shock — and counter-shock elicited by other stressor agents.*” Paaae the 
marked A-R changes occur upon exposure to light in individuals tetrad 
with photodynamic substances (cf. ‘Drugs’, below p. 44). —_ 


Electric injury.” — The participation of neuro-endocrine mechanisms in 
electro-shock has long been suspected *! and several investigators discuss 
the possibility that the humoral changes characteristic of electro-shock-therapy 
are due to the resulting G-A-S and not to any specific effect.°? Experiments on 
frogs led to the conclusion that a toxic factor may be involved since occlusion 
of Ke supplying the legs prevents shock in animals whose legs are 
Pas : . electric injury. The first change here was a slight decrease. 
ore peat an fie in the blood-clotting time. It was’ assumed that the 
Pm i and e in the nature of a thrombin or thromboplastin”.®® Recett 
prs va re ed to the conclusion that electro-convulsive therapy causes 
on of the adrenal-cortex which is similar to that seen in the G-AS* 

Nervous stimuli. — 
stimuli. Through its co 
impulses to many par 
systemic stress. Eve 
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immobilizing an animal on a board (taking great care to avoid any physical 
injury). proved to be a suitable routine procedure for the production of a 
evere A-R.** Various emotions such as rage and fear elicit the A-R,®" yet the 
unctional integrity of the nervous system is not indispensable for the develop- 

nt of this reaction since it can also be produced by deep anesthesia."® 

significantly, many of the manifestations of ‘nervous shock” in experimental 
mals have been ascribed to relative corticoid deficiency’’.®® 

Is nnection with our interpretation of certain types of hypertension as 

i f adaptation: it is interesting that exposure of rats to daily audiogenic 

lation causes great nervous irritation ® and may persistently raise the 

sure, especially of older animals. It was concluded that this is 

-vidence for neurogenic influences in the etiology of hypertension”.” 

In another pertinent study rats were exposed to a complex type of nervous 

timulation (intermittent ringing of a bell, air blasts and cage-vibration, once 

hour). Here the weights of various endocrine organs were compared 

ith those of normal controls and those of animals in which systemic stress 


sroduced otherwise, e.g., by thyroid-overdosage. It was concluded that: 

these results should be considered in relation to Selye’s work on the alarm- 
reaction. Our experiments did not involve the extremes of stimulation charac- 
teristic of Selye’s work, but some relationship is evident. In both the thyroid 
group and the disturbed group the adrenal weights are greater and testicular 
weights are less, which agrees with Selye’s findings’’.® 

Striking examples of G-A-S changes have also been noted in men under 
continuous, severe emotional stress; for instance, that incident to surgical 
interventions ® or that to which men’ in the airforce were exposed during 
the war."* Comparisons of the reactions of normals and psychoneurotics to 
stress and non-stress interviews and other standard stress-situations suggest 
that they all respond with a rise in corticoid-production." There is no doubt 
that the pain elicited by certain alarming stimuli (such as infections, trauma) 
greatly augments their alarming effect.’ (See also: “Combined exposure to 
several systemic stressors” below.) 

Data concerning the many interesting relationships between psychosomatic 
reactions and the G-A-S in man have been compiled by several investigators.® 

It has been claimed that, in contradistinction to traumatic shock, there is 
blood-dilution in spinal shock.®* Indeed, allegedly ® ‘the only significance which 
the latter observation bears on the problem of traumatic shock is the additional 
evidence which it affords that traumatic and spinal shock are two totally 
distinct conditions.’ This conclusion has been refuted. Spinal shock was found 
to produce all the characteristic signs of the shock-phase, including hemocon- 
centration. The blood-dilution referred to above appears only during the 
counter-shock-phase. Thus spinal shock may also be regarded as an alarming 
stimulus."° 
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From an investigator oa 
it was concluded that “these -xPerimentg 


room-temperatures, 

‘ ion that, among other procedures 

confirmed Selye’s contents 3 procedures, transectig, Mt 
ty 


spinal-cord is followed by a train of changes in the organism am 
thymus-involution and adrenal-enlargement are the most Prominent ng Whig 
as the procedure of cutting the cord is not to be thought of as alaet But iy 
agent, so the complex of the results observed cannot be consj dened le Cau 


be one 


er 
Pt a ‘Dey 


reaction. Thus, although thymus and adrenal changes are quite clear itary 
ordinary fall of temperature after spinal section is prevented, Pe ift, 
rhages are absent.” The author concludes furthermore, however, ie hemo, 
hemorrhages were seen almost invariably in animals which had i Stomach 
to become chilled following transection of the cord, but never jn « Permit, 
body temperature had been maintained”.7* As we shall see lean Whos 
J Varioyg 


factors can selectively condition certain organs to become more or les 

to one particular effect of the G-A-S. Hence, it is to be expected nent 
certain conditions a single manifestation (e.g., the gastric hemorrha \ 
be prevented. It is also possible that the maintenance of the eet Could 
temperature merely diminished the systemic-stress effect of the conde \ 4 
so that the grave gastrointestinal changes were prevented, although | ee 
G-A-S manifestations still occurred. Another investigator 7* succeed jail 
venting all the A-R changes in rats after spinal-cord-transection, b c we 
prevention of body-heat-loss. He concluded that heat-loss is the ae oa 
of systemic stress after this operation. a 


The presence in the hypoth i i 
pothalamus of important vegetative nervous cent 
po eet beet ee this region are particularly prone to elicit GAS 
anges. Allegedly, the hypothalamus tai i 
poe oor ay ed p contains the effector mechanism regu 


r panies eat os ae hypothalamic region (especially in the vicinity of the 
sate, Re Seach yy, reves acute gastrointestinal erosions with hemorrhages 
system of dogs ei aa Fibrin-clots are often formed in the cardiovascular 
cent of th  Skreg nad ie the base of the brain.”* Such lesions are reminis: 
ose seen in the experimental “hyalinoses”. : 


Pte aah elie * play an important réle in the production of gastti¢ 
It has been possible re f general and by hypothalamic lesions in particulat 
of the vagus with an P o uce gastric ulcers in dogs by chronic stimulati 
infundibulum produced . uction current.7 Mild electrical irritation cof | 
Pronounced increase in the: aha patches in the gastric mucosa as well 4 
could be abolished by ee peristalsis of the stomach. Alll these effe* 

The observatio 


ons ci : : 
Particularly effective eaenbed clearly indicate that nervous irritation 
ng stimulus. The hypothalamic vegetative 
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play a prominent réle in the G-A-S as co-ordinators of homeostatic mechanisms; 
through them emotional stimuli or localized nervous impulses may influence many 
organs, thus causing systemic stress. In comparison with the effects of other 

ystemic stressors, the influence of nervous stimuli upon the gastric mucosa 1s 

pecially prominent; this particular action appears to be mediated through the 
vaqu nerve 

Muscular exercise.” — Exce e muscular work has extensively been used 

1 stressor in the earliest studies concerning the G-A-S.™ In acute experiments, 


ico-lymphatic involution, gastrointestinal 
adrenal-cortical enlargement and other A-R manifestations. We shall 
that in man this is accompanied by increased corticoid-elimination in 


jhly effective in producin 


lhe great similarity between the systemic effects of excessive muscular exer- 
1d those of the A-R have been re-emphasized. The changes accompanying 

» muscular fatigue have been ascribed to a “relative corticoid-deficiency” 
parable to that produced by infections, irradiations, trauma, etc.** This is 


in accord with our concept of derangements due to hypo-adaptation. 

In some respects, however, the systemic consequences of exercise differ from 
those produced by other alarming stimuli. Exercise causes remarkably little 
shock and very pronounced counter-shock phenomena. There is an especially 


intense and prolonged hyperchloremia and, after an initial fall in blood-sugar, 
there follows a marked hyperglycemia.* As judged by experiments in the rat, 
the transitory fat-deposition in the liver, which tends to occur during the A-R 
stage of the G-A-S, is also more pronounced after forced exercise than after 
most other types of stress.** 
Rest. — Bed-rest alone can cause marked losses of nitrogen and potassium, 
a decrease in blood-volume and considerable vasomotor disturbances. The 
resemblance of these manifestations to those seen in various spontaneous 
diseases has been emphasized and the delay of recovery from disease caused 
by extensive “therapeutic” bed-rest has been illustrated by many examples.** 
Lack of exercise itself requires adaptive adjustments and since it represents a 
pronounced deviation from normalcy, it may perhaps act as an “alarming 
stimulus”. This possibility has not yet been adequately studied, but observa- 
tions on the rat suggest that forced restraint can produce G-A-S changes.“ 
Anoxia and asphyxia.“* — Experimental observations on rats exposed to 
greatly reduced atmospheric pressure for periods of 3 to 13 days revealed 
“an increase in the absolute weight of the adrenal glands in association with 
a decrease in weight of the thymus and testes”... "The pattern of change and 
the general condition of the animals were similar to that which may be produced 
by cold, injections of formaline or morphine, severe muscular work and other 
forms of stress (Alarm Reaction of Selye)’’.S’ Similar findings have been 
reported by others in rats, rabbits and dogs.** More recently, many invest- 
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It is especially important to realize - upon chronic exposy i 
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terminating in exhaustion. Several age investigators conte 
following continued exposure to anoxia there is a decrement jn altitug Tmeq i 
; in rabbits ** and rats." This “regression of adaptation” oy “loss of © tole, te 
has been regarded as equivalent to the exhaustion-phase of die é APtatin, 
should not be confused with the phenomenon of ‘‘de-.< limatization” , >" \ 

which occurs in animals (e.g., dogs) in which after inurement to anges Noy; 
to this stressor is temporarily discontinued. Anoxia causes hype Hh © oy 
not-adapted and “de-acclimatized"’ dogs but not in fully ada ‘Slyceni 

during the stage of resistance.” In their excellent monograph a ed Animal 

; the adrenal-cortex in adaptation to altitude, Sundstroem aan the Tle of 
j devoted a chapter to the possible relationship between such ichagls« 
omena and the G-A-S. (Cf. especially the instructive table an Ve phen, 
Anoxia is certainly one of those stressors which, directly aaa 390) 
affect nearly all cells of the organism. It is now so generally actepiel aa 
agent acts as a particularly effective alarming stimulus that it m ay be at thi 
able to insist upon those few points in which the response to reduced so Profit. 
pressure differs from the typical G-A-S. Most noteworthy ata a 
differences are: (1) the great frequency of acute, hemorrhagic lungs thes 
(2) the pronounced stimulation of the hemopoietic organs,97 (3) the a 
increase in blood-sugar and liver-glycogen.°$ Allegedly the latter change j 
partly due to a decreased carbohydrate-utilization: ® this can lead AK: h 
a rae a a cs ene stores of the body if the gluco-corticoid prod 
ie adrenal is simultaneously increased, as a result of systemic stress, 
me diy believe that anoxia is involved even in the response to 
be other systemic stressors. According to the concept of the “histo ‘adil 
Oxla , vari i i 
ous metabolites and drugs may so poison the cells that they 


impede their capacit i 
seen os pacity to use oxygen, even if adequate amounts are present 


adapt; 


Infections.!°? — It is common k 
intoxications with bacterial toxi 
of the specific nature of the patho 
in the defense against infection 
caused by infections has been 
corticoid-deficiency” 194 This vi 
which shows that adrenalectom 


nowledge that various systemic infections and 
ns, produce changes which are independent 
genic organism. Allegedly, hormones participatt 
s13 and, more specifically, the systemic $ 
claimed to produce a condition of ‘relative 
€w receives support from the extensive literatutt 
y decreases resistance to infection and that t 
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defect is corrected by adequate corticoid therapy. (Cf. also “Systemic 


Infections” on pp. 67, 100.) 

In guinea pigs and rabbits, severe intoxication with various bacterial toxins 
results in adrenal-hemorrhages, hypothermia and leucopenia, while treatment 
vith small doses of the same toxins causes fever and a rise in total white-cell- 
ith polymorphonuclear leucocytosis and lymphopenia. This response 
cribed as characteristic respectively of 
re and mild alarm-reactions produced by other non-specific agents. The 
are somewhat reminiscent of those seen in the Water- 
ichsen-syndrome Significantly, according to recent investiga- 

rabbits treated with bacterial toxins (diphtheria, meningococcic, staphylo- 
treptococcic) develop a syndrome of “toxic adrenal-insufficiency” 
characterized by adrenal-hemorrhages and necroses, skin-hemorrages, leuco- 
ytosis, rise in blood-N.P.N., hypothermia, hypotension, muscular weakness 
It was especially pointed out that all these 


count 


trikingly imilar to that des 


lrenal-hemorrhages 


i finally cyanosis and death 


nanifestations are qualitatively independent of the particular type of toxin 
used; hence, this experimental syndrome was considered to duplicate the 
clinical picture of the Waterhouse-Friderichsen-syndrome.'”* 


Dysentery-intoxication tends to cause A-R changes, with especial prominence 
of the intestinal lesions, even if the toxin is given parenterally." This may be 
due to the superimposition of a specific intestino-toxic effect upon the non- 
specific stress-action of the microbial toxin. 

Parasites."* — In animals and man, helminthiasis, as well as intoxication with 
hydatid-fluid, the peri-enteric liquid of ascaris, various worm-extracts, etc., tend 
to cause a syndrome very similar to hypocorticoidism. There are prominent 
lesions in the adrenals, hypophysis and capillaries, all resembling those caused 
by other types of systemic stressors. The metabolites of many parasites appear 
to be eminently potent as alarming stimuli and often the resulting disease of 
adaptation to the parasite is much more serious than the direct damage caused 
by the parasite itself. 

Anaphylactic reactions. — In guinea-pigs such antigens as horse serum 
cause disintegration of the thymico-lymphatic tissue, loss of chromaffin granules 
from the adrenal-medulla and proliferation of reticulo-endothelial cells. Curious- 
ly, these G-A-S changes appear both following the sensitizing injection (which 
elicits ‘adaptive’ phenomena to the antigen) and after the second eliciting 
injection. From this it was concluded that ‘these changes are entirely com- 
parable to those which Selye described in the course of the alarm-reaction”’.'"° 
Apparently not only the anaphylactogenic, but even the sensitizing injection 
causes marked A-R changes. 

Drugs and other toxic compounds.'''! — Intoxication with various chemical 
compounds likewise causes systemic stress with manifestations of the G-A-S. 
(Cf. also radioactive elements, bacterial toxins and hormones, which are 
discussed elsewhere in this chapter. ) 

It would manifestly not be expedient to enumerate all pub 
cerning the production of G-A-S manifestations by dr Onl 
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ularly instructive examples sa eystemic-stress-producing chil 

ag ane Sl enenagg Adrenaline, und . ill, 
Adrenergic blocking agents (see re a e€, under oe | 
Alloxan intoxication produces apy iate, . Pronounced pa a 
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is accompanied by other typical Se estations of the A-R 112 ' oe as 

to the systemic-stress caused by this drug. cig 
Allylamine and allylformiate are especially conducive 1S “ie 

without causing any very specific os renges. They have tee dng 

used in the study of “serous inflammation”. ug 


in produces adrenal-enlargement, thymus-atrophy, _ 
dae es typical A-R changes in the rat.''* The aie ae rote 
useful for the production of systemic stress, since in high do 
affect a large number of tissues before causing death due to j 
upon vital organs. 

Many caryoclastic poisons are discussed individual] 
each compound (cf. also “caryoclastic crises’’ p. 20) 
reviews concerning their relation to the A-R,1!4# 

Colchicine was considered to be one of the most potent ‘ 
in that study of the “crise caryoclasique” which we menti 
introduction to this book.15 

Experiments on the rat led several authors to conclude that Colchicine caus, 
a condition of relative corticoid-insufficiency 1° and is also one of the mog 
active agents capable of producing an A-R.117 Following colchicine-treatmen 
typical G-A-S-changes appear in the thymus, spleen, lymph-nodes, adrenals an{ 
gastrointestinal tract. It was shown, furthermore, that, as with other alarming 
agents, adrenalectomy prevents the thymico-lymphatic involution normally 
caused by this drug,118 Only in one experimental series 119 was there som 
indication of thymus-involution after adrenalectomy. Here colchicine was given 

A than four days after removal of the suprarenals and the possibility o 
ypertrophied accessory adrenals may have to be considered. Significantly the 
“R-changes caused by colchicine (unlike those produced by adrenaline) at 

ing agents (e.g., dibenamine). It was (of 
unds play no major part in the genesis © 
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basophil cell count.” There were also gastric erosions and hemorrhages, acute 
involution of the lymphatic organs, left-deviation of the Arneth count (with 
the appearance of immature and atypical forms of white and red cells), loss of 

ymogen granules from the exocrine pancreas with involution of the acinar 

parenchyme and great prominence of the Langerhans islets.'** In another 

patient who recovered, the hematologic and gastrointestinal changes were 
uite similar,!22 

Formaldehyde presumably elicits the G-A-S mainly due to its local action 

n tissues at the site of injection. It is because of its protein-precipitating 

h formalin” is commonly used as a fixative in histology and this 

perty manifests itself when subcutaneous or intraperitoneal injections 

ildehyde lead to local coagulation-necrosis in the tissues. The extent 

this necrosis can be quite accurately gauged by the amount of substance 

-d. If comparatively small doses are administered at a time, the amount 

bsorbed into the general circulation is not fatal and causes no important 


peciiic organ lesions. Even repeated formaldehyde injections fail to cause 

iy specific changes apart from some respiratory embarrassment immediately 
following administration of comparatively large doses. This can be minimized 
by pretreatment with small doses. The only effects of such injections are 
those of pure, non-specific damage and hence the drug has been widely employed 
and proved extremely useful even in chronic experiments concerning the 
G-A-S.13 

Glucokinin is a name which has been given to certain plant-extracts exhibiting 
insulin-like, hypoglycemic properties. Since this hypoglycemia is preceded by 
a rapid and marked rise in blood-sugar, it has been examined 124 whether these 
glycemic actions are merely G-A-S manifestations. The conclusion was reached 
that glucokinin, given in the form of plant-extracts, causes a more prolonged 
initial hyperglycemia than other alarming agents. However, certain bacteria, 
which also exhibit glucokinin-like properties, cause blood-sugar curves almost 
identical with those obtained by other stressors. For instance the blood-sugar~- 
curve obtained by injecting killed bacillus aertrycke '** can almost be super- 
imposed upon the glycemic curve produced by chronic formaldehyde injec- 
tions.176 

Glucose, whether administered by mouth or parenterally, is an extremely 
innocuous substance. Yet, it can cause salt-depletion and peritoneal dialysis 
with isotonic glucose-solutions result in “a vascular collapse closely resembling 
that seen in traumatic shock”. A comparable decrease in extracellular fluid, 
if produced by mere dehydration, does not have such an effect and intravenous 
administration of NaCl almost immediately cures this condition; hence the 
shock-like manifestations were ascribed to sodium-deficiency.!27 Since sodium 
is indispensable for many corticoid-actions and probably essential for the life 
of every cell, such sodium-depletion should be highly suitable for the production 
of truly non-specific stress, but the relationship between the acute-s 
depletion-syndrome and the G-A-S has not yet been a 
intraperitoneal injection of hypertonic glucose | 
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These actions of glucose upon abiose Sewab have been repeatedly Nation 

man 10 and in the rat.'! (Cf. also “water-intoxication” ang “saltegeetlng 

Pletj,.: 

below.) iven in relatively small ‘ 
Hemoglobin, even when given in relatively small amounts, elicits 


“hemoclastic crisis”, such as was also seen after administration of on typi 
molecular substances.82 “This hematic reaction is characterized b as Nay 
transitory leucopenia with relative lymphocytosis, \ secondary leur 
with absolute neutrophilia, increased sedimentation-rate and lengthene d Ytog, 
tion-time”.%8 Free hemoglobin may appear in the plasma ag th, -™ 
various poisons, black-water fever, paroxysmal- and cold-hemo, 
resorption of internal hemorrhages and transfusion with incompatib 
lyzed blood; hence these observations may be of clinical significan 
of the renal arterioles 1** and even histologically demonstrable 
changes in peripheral arteries *° may occur after injection of 
solutions in animals, 

Histamine can also be used to produce the G-A-S '° but there jg no 
that its liberation from tissues plays an important réle in the developmen 
of this syndrome." It is particularly effective in producing gastric ulcers, 

Iodoacetates are likewise very active in producing systemic stress, perh 
because of their ability to inhibit phosphorylations throughout the body 
correspondingly they cause marked G~A-S-manifestations which have by 
interpreted as due to relative adrenal insufficiency.1°8 

Menstrual toxin (whose identity has not yet been definitely established) 
administered to rats in the form of partially purified extracts, caused adrend 
changes which were described as “similar to those in the adrenals of anima 
during the last stage of the alarm-reaction as described by Selye, nameh 
a picture of cortical exhaustion’8° The discussion in the paper quoted abort 
suggests that the stage of exhaustion and not the A-R-stage of the G-AS 
is meant; however, this is of minor importance since the histologic changt 
during these two stages are essentially similar. That such extracts can Cal 
a typical A-R has been further substantiated by experiments on rats. It 
rite apples with “menstrual toxin” not only causes adrenal-stimulats 

© pituitary-changes indicative of corticotrophin discharge.” All th 


may well be due to the toxic fibri i ic effects of 
eens inolytic and other enzymatic e 
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characteristic of the A-R.1*! Interestingly, here the G-A-S is elicited by an agent 


which depresses nervous functions. 


Mustards (both the so-called sulphur and the nitrogen mustards) have been 
he object of considerable study in connection with their possible réle in chemical 
varfare.“"* Systematic experiments on rats led to the conclusion that “the 
hypertrophy of the adrenals which occurs after injecting the S-chloroethyl 

sicants does not appear to be a specific response to these agents, but rather 

reaction typical of the general-adaptation-syndrome for non-specific stress. 

‘he results presented in this paper suggest that the enlargement of the adrenals 

due chiefly to an increase in water content and to some extent to proteins 

phospholipids’’.1#* An analysis of the changes in the total-lipid and 
holesterol-content of the adrenals led the authors to conclude: “it is probable 
hat the animals are at the end of the counter-shock phase of the alarm-reaction 


yn the third day after injection of the mustards. It can be seen that the changes 
in the lipid content of the adrenals are not dependent on the cholesterol content 
during the first two days. The most marked and consistent decrease in the 
lipids are obtained on the third day for all groups”, ... “animals injected with 
LD,oo doses of the mustards become very ill on the 4th and 5th days and 
usually die at this time. This would correspond to the stage of exhaustion” 
of the G-A-S.44 The rapid exhaustion of adaptability, after treatment with 
mustards, is somewhat reminiscent of the “‘telescoped’’ G-A-S, seen in 
adrenalectomized or hypophysectomized animals exposed to other stressors. 

Many additional publications reveal that, in man and in experimental animals, 
sulphur-mustard (mustard gas) and nitrogen-mustard (ypérite) produce espe- 
cially pronounced leucopenia, damage to the lymphoid organs, the bone-marrow 
and the intestinal mucosa, with other typical A-R-changes.™° 

Pertinent experimental observations and a review of the literature led to the 
conclusion “...it appears that the lymphoid changes accompanying injections 
of compounds causing the “alarm reaction’’, roentgen irradiation, and other 
treatments interpreted as having been caused by changes occurring in the 
metabolism of the cells of the adrenal cortex, are paralleled by similar mor- 
phologic and physiologic changes in the adrenal glands of rats poisoned with 
vesicants’’.147 

Unlike in the G-A-S produced by most alarming stimuli, adrenalectomy does 
not prevent the thymus-involution resulting from treatment with the mustard 
methy]-bis(2-chloroethyl)-amine.*8 Similar experiments with tris(2-chloro- 
ethyl)-amine revealed that here again adrenalectomy does not protect the 
thymus from involution and it was concluded ‘that the vesicants produce some 
of their intoxicating effects on the lymphatic organs directly, although they in 
part may be mediated by the adrenal cortex” .149 


141 Selye 36038/37, 38798/37. 

142 Winternitz B19943 /20. 

1448 Ludewig and Chanutin B1348/46. 
M44 Ludewig and Chanutin B1348/46. 
145 Hektoen and Corper B19940/21, 
Herman B19938/19, 

Krumbhaar and Krumbhaar B19 
Lynch B19941/19, 
Pappenheimer and Vane 


a CI 


NE | se 
we 


; iE sufficiently large doses a 


GENERAL REMARKS 


44 
For a summary concerning the biologic actions o! mustards, tp 
: = 150 oe 
referred to the pertinent review articles. _ Tada. 
Jacl d-coagulation-time, the eosj ‘ 4 
Papain increases the bloo g “°SMOPhil-couns 


i in quinea-pigs, while the total white-cell-count, th 
blood-sugar in 9 Deterawernt the blood diminish, Thi etaetives the 


and the complement- p aan : 8 Gandia 
painnetig “papain-shock to emphasize its similarity tg snag . 
peptone shock.'*! Concerning its relation to the G A-S (ef. peptone 


stre-sor, below). 
Peptone produces a type of shock in the dog which greatly 
anaphylactic shock.!2 As in the syndromes produced by ionizing ; a 
incoagulability of the blood dominates the picture. The probable ai lati 
white blood-elements (leucocytes and platelets), the accompanyin aides : of 
histamine and heparin from the liver, as well as the fibrinolysis eas Arge of 
injection, have been subjected to careful analysis.° The derangement is th 
coagulability is certainly more pronounced than could be expecte . 7 ; 
a typical A-R. Indeed it has been claimed that fibrinolysis actually parti \ 
in the production of peptone and anaphylactic shock.!** However, abn 
in blood-clotting, blood-fibrinogen concentration, etc., are also seen in - 
typical examples of the G-A-S, hence the experience with peptone shock a 
which these are particularly prominent — may furnish valuable data conce a 
this aspect of the syndrome. In the rat — which is rather resistant to anaphyl. 
axis — very large doses of peptone are required to produce “‘shock”, When it 
occurs, it is characterized by adrenal and gastric hemorrhages as well as other 
typical manifestations of the A-R.155 
Photodynamic substances sensitize the organism to the stressor effect of light 
and may thus induce typical A-R changes upon subsequent irradiation. 
; Protamine, given subcutaneously in toxic doses to rabbits, caused hemorrhages 
— ie ees and kidneys; this is sometimes accompanied by degenera- 
bes one e rena tubules and the formation of hyalin casts. The changes ae 
Nil non-specific and allegedly related to the A-R.1°° 4 
Bs — a ae ees ese aa power of salicylates, special investigations 
was found to be - 8 Bee Wneihes they also produce an AR L 
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changes have been produced by toxic amounts of thiourea; significantly, the 
toxicity of these compounds was counteracted by suprarenal cortical extract.’ 

Tissue extracts, administered in toxic doses, are likewise very active in 
liciting the G-A-S,1% 

Trypsin. as most proteolytic enzymes, causes marked systemic damage — 
ith A-R changes — upon parenteral administration. 


Turpentine produces acute, sterile inflammation and abscesses at the site 
ection; this is accompanied by typical G-A-S manifestations. In dogs it 
licits very marked, acute body-protein breakdown, hence it has been used 


162 


pecially in studies concerning the “catabolic impulse”. 

{Irethane produces leucopenia and absolute lymphopenia both in intact and in 
.drenalectomized rats. It has been assumed therefore that its effect upon the 
lymphatic system is not mediated through the adrenal, although it is undoubt- 
edly active in stimulating the latter. Thus urethane appears to be a “directly 
lympholytic” alarming stimulus like the ionizing radiations and the folliculoids. 
The adrenal enlargement itself ‘might be an alarm reaction to urethane second- 
arily, but directly, the result of the liberation of proteolytic products by this 
compound ’”’,16% 

It is noteworthy in connection with the theory of the “diseases of adaptation” 
that in certain, genetically predisposed, inbred mice, e.g., in strain “A” *** and 
strain ‘"NH"’,1®5 urethane produces lesions in the renal glomeruli which resemble 
those caused by LAP or DCA, 

Water given by stomach tube in increasing but non-toxic doses to rats, 
induces adaptation to subsequent water-intoxication. On the other hand, 
adaptation to intraperitoneal injections of glucose-solution (another stressor) 
provided slight if any protection against water-intoxication. The question 
arose whether this phenomenon is related to the G-A-S, but the authors con- 
cluded "'... that while the acquired resistance to water administration may be 
in small part resistance to stress in general, it is largely a resistance to water 
(plus stomach tubing) in particular’.!** The “'salt-depletion-shock”, produced 
by forced water-administration '" exhibits a manifest similarity to the A-R. 

Conversely, dehydration is also a potent alarming stimulus. In this regard, it 
is immaterial whether dehydration is produced by a decreased water-intake or 
by an increased fluid-loss such as occurs in chronic diarrhea, vomiting, injection 
of hypertonic solutions, plasmapheresis, ete.'** (Cf. also NaCl as a stressor.) 


Hormones. — Corticotrophin, corticoids, R.P.S. and adrenaline (‘“sym- 
pathin") all play important parts in the defense-phenomena of the G-A-S. 
Therefore these hormones will be the subject of a detailed discussion in 
connection with the theory of hormonal interrelations during the G-A-S and 
need not be considered here. It would also be unnecessary to insist upo 
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adrenal-cortical stimulation, thymico-lymphatic atrophy, ete,, hence tts 
tionship with the G-A-S, especially with the A-R-phase, has been supe 

The effect is due to the vasopressin-content of the crude extagen Cted in 
overdosage with vasopressin also causes pronounced vasoconstriction i 
organs, especially in the kidney, so that renal infarcts may resulpane hey 
phenomena are frequently associated with marked leucocytosis and ret; 
tosis; 17 such changes are reminiscent of those seen in response to Bhi . 
systemic stress. Perhaps the great tendency of vasopressin to one duc reste 
ulcers and renal infarcts is merely due to particularly marked vasospasm aa 
stomach and kidneys; the reticulocytosis could be a simple compen a 
response to the anemia caused by the gastric hemorrhages, In — 
vasopressin produces much more pronounced gastric and renal ies h 
other alarming stimuli of equal intensity. Still, because of the specific a F 
vasopressin upon the vascular system, its possible participation in the GA 
and the cardiovascular diseases of adaptation deserves more attention tha it 
received up to now. This is especially true since the incretion of this hon 
has been shown to be influenced by emotional stress.17° “ 


Folliculoids (“estrogens”) also produce typical G-A-S-manifestations in the 
rat. Here the adrenal-cortical lipid-discharge, the thymus-atrophy and the 
somatic-growth inhibition are disproportionately pronounced in comparison 
with the rather mild stress-effects of such compounds.!77 There seems to be 
considerable species-differences in the sensitivity to the alarming effect of fol 
liculoids. Allegedly “mice undergo the alarm-reaction and respond with the 
A ee tem ayadione as described by Selye” while, “in rabbits ther 
: be a ots a eee lymphocytes but no increase in adrenal weights # 
prior: Ss ete . We are inclined to think that there is some adrend 
gement, though very high doses of folliculoids are required to demonstrate!t 
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not to the compounds which exhibit it, since pretreatment with stilbestrol 


produces resistance to natural (steroid) folliculoids and vice versa,?*” 

Insulin is a potent alarming stimulus, since the hypoglycemia which it produces 
represents a stress for most tissues of the body and elicits violent autonomic 
ind hormonal defense-reactions.1*! When given in repeated toxic doses to rats, 
insulin causes involution of the thymico-lymphatic apparatus, similar to that 
een in the A-R, Investigations on adrenalectomized rats were designed to 
jetermine whether this effect of the hormone is mediated by the adrenal 
ortex. These experiments failed, however, because of the notoriously great 
nsulin-sensitivity of animals deprived of their suprarenals.1*? (CE. p. 29.) 

Adrenaline (and sympathin) discharge is an integral part of the A-R and will 


liscussed later in connection with the hormonal interrelations during the 
G-A-S. Suffice it merely to mention here that toxic doses of adrenaline can 
evoke the G-A-S, but the hormone is no more active in this respect than any 
other compound which causes a comparable degree of systemic stress.'5§ 
'hymico-lymphatic atrophy is produced by adrenaline in intact, but not adrenal- 
ectomized or hypophysectomized rats; hence this action is apparently mediated 
by the adrenal-cortex 18* The A-R changes caused by adrenaline are prevented 
by dibenamine,’** but those elicited by other stressors are not. Since it had 
been claimed that corticotrophin discharge, in response to stress, depends 
upon an adrenergic mechanism it is especially noteworthy that, “in high 
concentrations” dibenamine itself was found to be an alarming stimulus’’.1*™ 


Diet.!8° — Almost any severe quantitative or qualitative nutritional deficiency 
acts as a potent alarming stimulus. 

Fasting must be regarded as a typical, though rather slowly acting, stressor 
agent since it elicits such characteristic symptoms as adrenal-enlargement, 
thymico-lymphatic atrophy, hypochloremia, hypoglycemia followed by hyper- 
glycemia, hemoconcentration and gastrointestinal erosions." Severe under- 
nutrition on qualitatively normal diets produces a pronounced ‘‘shift of pituitary- 
hormone-production” in which increased corticotrophin secretion occurs at the 
cost of somatotrophin-, gonadotrophin- and prolactin-formation. This is indicated 
by the fact that in undernourished animals there is cortical hypertrophy but 
growth ceases and the sex-organs involute. Pertinent experiments in the rat 
revealed testicular atrophy with involution of the accessory sex-organs in males 
and atrophy of the ovaries with continuous diestrus or irregular estrus cycles 
in females. In lactating animals milk-production ceases.'** As we shall see later, 
chronic undernourishment on low-protein diets fails to cause adrenal-stimulation, 
although otherwise it elicits typical G-A-S-changes. 

The results of these animal-experiments are very reminiscent of the clinical 
“anorexia nervosa syndrome”, which is interpreted by some as a “functional 
hypopituitarism”.'8° G-A-S-changes are quite constantly manifest i 
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frequently." During the prolonged siege of Leningrad (194-45 OCCUr gui 
similar changes were noted in a large portion of the population as ; 
undernutrition and psychologic stress. In pertinent reports, special 4 result 
placed upon: decreased resistance to infection, loss of fat and a ee 
hypothermia, bradycardia, dryness of hair and skin, psychologic a cle tissu, 
and amenorrhea." Surana 
Overfeeding, if acute, may produce “food-shock". 
of acute gastric dilatation and marked hyperemia of the ce 
It is a common cause of sudden death, for instance 
excessive amounts of food by stomach-tube. 
gradually increased over a period of many days, the developm 
; t 
can be prevented due to adaptation. The pathogenesis of ‘i Sai 
oe ee but Sahn relationship to the A-R has been considered.1% “a 
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al vesicles, but also enlargement of the adrenals (which were dark-tei 


in color) and : 
Dalia nd atrophy of the thymus, that is, typical manifestations of the 


High-fat-di eae Na? | 
ee fi ees ) which are often poorly tolerated, allegedly 
glucose-tolerance curve: ypochloremia, ketonuria and abnormalities in tht 


rat, diets very rich in rat these are rather typical G-A-S changes.! In the 


This is a COnditig, 
ntral nervous system, 
among rats Teceiving 
If the amount of nutrient js 


‘ment,200 ts cause extraordinarily pronounced adrenal-enlarge 
High-protein diets 
the rat similar to 


“ALARMING STIMULI" OR STRESSOR AGENTS 49 


calories are derived from protein.2°* Probably the positive results of the earlier 
investigators were due to the use of unusually high-protein-diets, which repre- 
sented a severe stress in themselves. This is all the more Ukely Scene ecsae 


we shall see later — both stress and pronounced protein-catabolism are necessary 
to elicit the usual adrenal-hypertrophy during the G-A-S 
Our observations, gathered over a period of several years, consistently failed 
to show any significant effect of dietary protein upon adrenal-size in the rat, 
long as the protein-concentration was kept within near-physiologic limits 
(12-30% ); on the other hand, if animals kept on low- or high-protein-diets 


hin the above range) were exposed to systemic stressor agents (e.g.. cold) 
he adrenal-enlargement was much more pronounced on the higher protein- 
intake.* It was concluded that, for intense adrenal-cortex-stimulation, both 


s and a high protein-catabolism are required. 

Multiple dietary deficiencies, such as occur in guinea-pigs fed exclusively on 
corn, have long been known to produce changes now recognized as typical of 
the G-A-S, for instance adrenal enlargement, thymico-lymphatic atrophy, gastric 
erosions, involution of the sex-organs and proliferation of the reticulo-endothelial 
system.*"* 

Pantothenic-acid-deficiency can cause adrenal hemorrhages and necroses, 
accompanied by thymic atrophy and sometimes purpura. The similarity of 
these morphologic changes to those of the Waterhouse-Friderichsen-syn- 
drome 2°° and the A-R 2" has been emphasized by several authors. According 
to a slightly different interpretation “One could also look upon adrenal hemor- 
rhage and adrenal necrosis as the ‘stage of exhaustion” during the course of 
an alarm reaction”.2°? In any event it was concluded that the change is not 
merely due to decreased food-intake, since no comparable degree of thymus- 
atrophy occurred in paired-fed controls.*”* Nevertheless, the adrenal stimulation 
and thymic involution observed in these experiments could not be regarded as 
specific for pantothenic-acid-deficiency, for similar, though less marked, changes 
were noted in thiamine 2" or riboflavin-deficient rats?” and after many other 
types of systemic damage. Indeed it has been stated that the changes in 
riboflavin-deficient rats correspond to those of the A-R during the early 
phases and to the stage of exhaustion towards the end before the animals 
die210* 

Choline deficiency causes marked adrenal-enlargement and thymus-involution, 
in addition to the typical hemorrhagic lesions in the kidneys of immature rats.*** 
Despite continued deficiency the adrenal-cortex returned to normal within 
19 days. At this time it even recovered its normal lipid and ““ketosteroid” droplets 
which had originally disappeared. Here again ‘‘the increased fasciculata activity 
and thymus involution probably results from the alarming stimulus of inani- 
tion”?! 
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Desoxypyridoxine (a pyridoxine-antagonist) produc es ma 
normal and neoplastic lymphoid tissue as well as impairment of A tg | 
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P : . panes . an, 
was administered together with desoxypyridoxine. “The ] mee of Tidoxin ’ ice 
was not mediated by adrenal cortical hyperactivity, since | p oid, fl symptoms described by Selye under the term alarm-reaction”’.*”” The mechanism 

adren tig, of this reaction has not yet been elucidated 
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i ‘ unconscious within 1-2 hours and may actually die w ithin 24h Sia, decoy hird of the dose of each suffices to produce a G-A-S equal in severity to that 
rT : x ¥ dition has been described as “gravity shock’. It is accompanied | This 1 by the full dose of any one of the three agents." This was interpreted 
' , § i acidosis, decreased blood-pressure, blood-CO. and plasma-chlonis by: any, : , idence supporting the view that the non-specific vidi br the Hass 
Le ae plasma-lactate, phosphate, potassium, pyruvate and NPN 215 Th es, increay, pas m yoo specific pharmacologic actions, are responsible for the production 
* of the G-A-» 
" | } rises at first, but then falls below normal and the glycogen-stores & blood. : 
ti , re i The relationship of gravity-shock to the G-A-S has not yet ee are depletes Fasting proved to be a particularly effective means of increasing the alarming 
i li ; but some of the above manifestations are strongly reminis nN much Studieg effect of any stressor agent. Hence starvation was regularly used in the early 
‘) oe inthe A-R. cent of those Se experiments on the A-R to render animals more sensitive to non-specific stress.*** 
ae : 1 Lae . An increase in the alarming effect of two simultaneously applied agents has 
2 ; ee esigtpuanes a The urinary elimination of 17-KS and a subsequently been confirmed for numerous combinations of stresses, notably 
if, sea pid (mainly corticoids) shows regular variations during Pes for: protein-intoxication with fasting,*** anoxia with fasting, anoxia with 
: } ia of the day. Most subjects show minimal excreti Ou emotional stimuli,**5 spinal-cord-transection with cold,**° muscular exercise 
he : ‘ on of both types of eal i eI ; oad 
TARE during sleep and maximal output in the morning. These chan Steroid with anoxia,2*" hemorrhage with nerve-stimulation,*** hemorrhage with cold * 
5 H ascribed to a diurnal rhythm in adrenal-cortical activity in respo ges have bey and histamine with burns.2* In the latter instance only the production of gastric 
? >) i and strain of normal daily activity.2.7 Such observatio 1 nse to the strey ulcers was facilitated by simultaneous administration of histamine in beeswax 
3 i} } to the view that even mild, physiologic stimuli suffice “eg ‘bili ae a to rabletin Safreseel iS Por ee 
: { defense-mechanism of the G-A-S. Although the di mobilize the hormon An apparent exception is the increased tolerance to anoxia of rats following 
oe.) and neutral-reducing-lipid-excretion Hi cea, th a iurnal pattern of 17-KS prolonged fasting,**' but this may be due merely to a reduction in the B.M.R. 
ch ee tion hetween them Hapltessiiiainthe ar, the lack of a significant corres which diminishes oxygen-requirements. 
: : ca i 3 
; i tions lead to the conclusion “that ‘ ihe te cons ge 7 es con 
7 wei Winghiaaiay benched “yhecic.; an subject different adrenocottice 
ie d : - ine pituitary seems to be essential for an increased 
. } adrenocortical secretion in the al : ; ‘ 
din alarm reaction and if we consider these dium 
nges as responses to the stres f daily li i i i 
ituit ; esses of daily life a differential evocation 0 7 ER Tre 
f pituitary corticotropin is suggested’ 218 
‘ different corticotrophi Suggested . We shall see later, however. thi! 
7 corticotrophic ree Se do not necessarily imply the existence of differel 
if adrenal-response to nee onditioning factors may qualitatively alter i 
} Citiasiecesniiei Same corticotrophic preparation. 
‘, Onditions, — bs en 
| changes in atmospheric <1 Oe a sensitive” individuals even moderal 
; A-R changes,219 ons can act as ‘‘stressor agents’ and prod! 
tee - Parabiosis. — If 
Fs - — It two ra . ; cul 
| — during the BeeoHid we ts are united by parabiosis, fatalities tend to als ne 


at k k. It 
of healing (1 ¢ 2 was concluded that ‘‘at some time during the pr 
through : oe Sir or somewhat later, the parabiotic animal m4Y 1 

Sie - In this stage the animal may present one OF ae 


BS Stoner: Bigtaz : 220 Cutuly and Cutuly 72076/38. 
. a! Pret /48, y ; 
Lo aa ace cir Nastuk B26184/47. ; st Selve 8798/37, ALS673/ 
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In previous sections of this book we first presented 


ynoptj 

G-A-S, in which we merely sketched its most important ee Outling of 
bird’s-eye view of its course. Special emphasis was placed upon a to giv, 
tions which played a fundamental part in the evolution of the Gis Obsep, 
Some of these findings were the roots from which the theor “S-concey 
Others were the fruits of investigations inspired by it. Thee ae develo 
the principal new terms used in connection with such studies : zs er defn 
chapter to the “alarming stimuli”, the “stressor agents” which e devoted; 
exposure, are particularly suited to produce an A-R and. ’ UPon g 


treatment, an entire G-A-S. 
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Schematic graph. illustrat 
a rating the overlap bet . 
stage) Ge adrenal lipids, resistanc pane of i Fens te 


to the stage of 
various targets a 


of the course of the G-A-S; 


ee and physiologic bene shall separately consider the metabdlié 
or fhe response to systemi 
'S unavoidable, but diis will be Some degree of overlap between chaptet 


of the book in whi mized by cross-r hat 
a ae -references to tha 
Tepetition of th aie subject is dis 4 
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tior It is obviously 
idering the change 
vithout an attempt of int 


al to study an alarming stimulus 
\duces, and vice versa, or to enumerate 
retation. An additional complication 


the triphasic nature of the G-A-S. It would be artificial to 
parately all observations concerning each of the three stages. The 

/ e m is not sharp and often there is some dissociation of 
ons, with certain signs of two stages simultaneously in evidence. 

felt would be most instructive to follow each change 
three rather than to describe all the manifestations of each 
Consequently our material is classified according to targets. 

ipter is devoted to each target (e.g., protein-metabolism, cardio- 
tem) and the changes occurring in it during the three stages of the 


iscussed conjointly. This is immediately followed by the “diseases 


ion” affecting this target and subsequently by a theoretic evaluation 
tinent data 


RESISTANCE 
The present chapter is devoted to the first, and most important “target” of 
the G-A-S, to resistance itself. In it we propose to discuss what little we know 
about factors which influence the ability of the organism to withstand systemic 
stress. Since many of these factors have not yet been elucidated it is expedient 
to deal with the complex phenomenon of resistance as if it were a single target. 
It may be well to re-emphasize first of all that almost all the changes caused 
by systemic stressors follow a characteristic triphasic course in which the 
direction of the deviation from the norm is the same in stage I (A-R) and 
III (stage of exhaustion), but is reversed in stage Il (stage of resistance). 
For instance, the adrenals lose their lipids in stages I and III, but store lipids 
in stage II; the thymus discharges thymocytes in stages I and III, but stores 
them in stage II; there is hypoglycemia and hypochloremia in stages I and III, 
but hyperglycemia and hyperchloremia in stage Il. This explains many of the 
apparently contradictory findings reported in the literature concerning the 
effects of exposure to systemic stressor agents. Strange as it may seem at 
first sight, it is equally correct to assert that a stressor causes hyperglycemia 
and alkalosis, as it is to say that it produces hypoglycemia and acidosis. 
Hence, the changes produced by stressors in the various targets cannot be 
discussed without consideration of the time-relations, as outlined above. This 
greatly complicates the study of systemic-stress effects in comparison with 
other pharmacologic actions. Most biologic agents influence their targets 
only, or at least predominantly in one direction: insulin causes hypoglycemia, 
thyrotrophic hormone stimulates the thyroid-cells, excitation of a motor nerve 
causes muscular contraction. Hence, it was somewhat unexpected to find 
that the same stressor agent causes diametrically opposed effects depending 
upon the previous history of the experimental subject; that is, the type 
duration of pretreatment if any. ’ . 
Until quite recently the triphasic nature of | 
had not been recognized. This was probal 
in this field, since diametrically 
have generally been re e 
Yet this triphasic type 


54 RESISTANCE 

of the body’s response during prolonged, systemic stress. It has 5 

to occur in all targets (biochemical, morphologic and physiolo ee foung 
have been examined throughout the course of the G-A-S. gic) hich 


These facts were established by animal experiments,’ but the 
Te is 


reason to believe that they are applicable to clinical problems as y 1] ron 
the three stages of the G-A-S have been shown to occur with al] Pid: ; Thus 
features in chronically undernourished concentration-camp inmates2 oo tyPical 
Before we begin to discuss our first target let us also remind th 
e re 


that various systemic stressors (¢.g., anoxia, cold, trauma, x-rays) Ader 
; » anterj 
‘Or- 


pituitary-preparations (e.g., LAP), corticoids (e.g., DCA) and Rp 
those produced by the “endocrine kidney”) have many actions j ; (eg, 
We believe that this similarity of action is important for the unde Sommon, 
the underlying pathogenic mechanisms. We shall therefor: disel ae! of 
of systemic stressors, on each target, conjointly with those of pituitar e effects 
cortical and renal hormones, a procedure designed to emphasiz Bee 
similarities and the discrepancies between them. These hosel oth the 
as well as other stimuli presumably involved in the genesis of - factors, 
will be given special consideration under the heading: PS umull Tafluenette a 
e 


” 


Response During the G-A-S”, in connection with each target. 


Systemic Stress 


If 7 animal is continuously treated with the same, sublethal, daily dose of 
roa or ee ig a oe additional minimum lethal dose of 
lecreases uring the shock phase and graduall 
to or above normal in the counter-shock phase of the ee A. oe 
‘ -R. Durin 
of Oifobiy oe Pee Rani a ek amount of cede cues 
ng : comes evident; yet, if exposure is continued 
idee ae a. <i Shape or months, eventually this acquired adaptation 
an age ie a even a fully inured organism cannot indefinitely 
agent Hi io.this ob Benen continuously exposed to a potent systemic stressor 
a tat mays which led to the concept of “adaptation energy’ * 
bap eree tine . be under the influence of continuous adaptive work, 
Tie Hine at stich ee, HE age of the organism is eventually exhausted. 
ae ihe “aope of anh eee of adaptation occurs is usually referred to 
exhaustion’. Even unicellular organisms (e.g., sea-urchin 


eggs) gradually lose thei i 
damaging agents. eir ability to recover from exposure to non-specific 


There are f i : 
acquire some ote read cae stressors to which the organism can not 
example in point, but ae ae lonizing radiations were thought to be a” 
isotopes show that Siege: with internally administered radioactive 
some time hemopoiesis i ay acquire a certain radio-resistance. Thus after 
S is resumed despite the presence of large quantities © 


radioactive materials i : 
tials in the tissues. Repeated traumatic injuries may allegedly 
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even induce a certain degree of resistance to trauma ‘ and prolonged under- 
nutrition to fasting,” although these are admittedly stressors to which it is 
especially difficult to acquire adaptation. 
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SHOCK COUNTER 
SHOCK 


STAGE :ALARM REACTION 


ntation of the changes in specific (full line) and crossed (dotted line) 
The progress of time 
Note that 


STAGE » EXHAUSTION 


specific resistance to the agent with which the anima’ 
phase of the alarm reaction and increases 
during the stage of resistance; in the stage of exhaustion, it falls below nor 


Crossed resistance, to agents other than that wi 
rises but slightly during the 
ely subnormal in the stage of resistance. This indicates that 


sistance is also characteristically influenced by the G-A-S. 
While an organism becomes adapted to one systemic stressor, its resistance 
to other agents is also altered. During the shock-phase, the non-specific 
resistance decreases even more than the specific resistance. In the counter- 
shock-phase, however, there is an increase in the animal's ability to withstand 
various systemic stressors, not only that to which it had been previously 
exposed. Yet, this “non-specific resistance’ or “crossed resistance” is not 
nearly as great as the specific resistance to the particular agent with which 
the A-R had been produced.” 

There are many observations which could be cited as examples of such a 
“crossed resistance”. They will be discussed in detail under each of the targets 
affected, but let us give a few examples here. 

The appendicitis-like changes elicited by intravenous histamine injections 


and certain other very acute systemic stressors, 
10s : 


Non-specific re 


The lung-edema, normal 
in rats in which an A-R] 


a a 
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other systemic stressors (e.g., exercise, ee seme, formalde 
ciel an a: ee terol saline solution ‘ fails to gbhtee 
i ng in : ; 
enee sedan MN TE More recent experiments = re conclusioy, a 
“the alarm reaction, as produced in rats by exposure to geld and subcutane 
f formalin, rendered most of the animals resistant to am 
r this is not apparent. The animals 


; emo. 

: 7 ium ion. However, the 
dynamics retarded the absorption of ammon i ae 1e appearance 
of other signs of ammonium intoxication speaks against this explanation "1, 
In our experiments concerning the prevention of adrenaline-lung-edema by 


the A-R, the adreline was given intravenously in Gider to exclude the nue 
sibility of an inhibition due merely to delayed absorption. 


A considerable amount of work has been done in connection with the diet 
of the A-R upon the course of anaphylactic shock.!* Experiments on Guinea, 
pigs, in which an A-R was produced by formaldehyde, cold or forced muscular 


exercise lead to the conclusion “that a relatively mild alarm reaction, followed 
by an interval of 18 to 24 hours rest, decreases the anaphylactic response ar 
sensitized guinea pigs to the subsequent re-injection with the antigen (egg- 
white).” This observation gives further support to the conception that the alarm 
reaction increases the non-specific resistance of the organism against varioys 
nocuous agents. If, on the other hand, the alarm reaction is particularly severe 
and the interval between the treatment with the alarming agent and the 
re-injection of the antigen is short, such pretreatment may have an inverse 
effect and may actually increase the severity of the anaphylactic shock. It has 
long been known that fever exerts a favorable action on certain apparently 
unrelated diseases of man, which are thought to be allergic (e.g., chorea and 
other manifestations of the rheumatic state, intractable asthma of the allergic 
type, dermatitis following injection of arsenicals, etc.).1° In serum-sensitive 
guinea-pigs there is transitory desensitization during hyperthermia, induced by 
short-waves "' or by exposure to the high temperature of a heated ‘fever box") 
The prevention of anaphylactic shock by salicylates in the rabbit, is allegedly 
due to a decrease in circulating antibodies, induced by the drug at the time of 
the challenging dose. It will be recalled that salicylates produce a typical 
A-R with lympholysis, and their ability to prevent allergic arteritis has been 
ascribed to the destruction of antibody-forming lymphocytes.2° 
The so-called anaphylactoid edema of the face and paws, in rats injected 
with egg-white, is likewise readily prevented by various systemic stressors 
during the ensuing A-R.2! 
Numerous experimental studies have been performed with the aim of finding 
an explanation for the desensitization of allergic patients by histamine. It was 


noted that in animals, anaphylactic reactions can be inhibited only if highly — 


toxic doses of histamine are previously administered. It was concluded that 


1 Selye peer A7154/38. 1 Goldman B25565/39. 
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this type of resistance has nothing in common with clinical desensitization 


induced by minute doses of the compound and that “the positive results which 
have been reported, should probably be attributed to the alarm reaction” .*? 

All these observations are interesting not only as examples of crossed 
resistance but also because they suggest close relations between non-specific 
resistance and serologic defense reactions. (Cf. also G-A-S — “anamnestic 
reaction” and G-A-S -— serum-proteins.) 

Experiments on water intoxication led to the conclusion that upon repeated 
exposure, some specific resistance may also be acquired to this type of stress.” 
Experiments rformed to study the changes concerning water-metabolism 
during the G-A-S led to the conclusion that “if during the course of an alarm 
reaction produced by any stimulus, the same or any other stimulus is given, 
then the second stimulus not only fails to cause water retention, but actually 
increases urine output’. These findings were likewise interpreted as indications 
of some ‘crossed resistance’. 

Preteatment with /olliculoids greatly augments resistance to x-irradiation 


in mice and since these hormones cause enlargement of the adrenals the possible 
participation of the latter in this instance of crossed resistance has been 
considered.*° 

It has been found that in rabbits a typical A-R is produced by nitrogen- 
mustards or by bleeding and that a previous hemorrhage protects against 
subsequent intoxication with this vesicant.2* However, exposure to heat does 
not appear to exert any marked influence upon resistance or “de-acclimatization” 
to cold in man *" or vice versa.?8 


It is also instructive to note in this connection that the amount of mercapturic- 
acid-sulphur excreted by the rabbit following oral administration of mono- 
brombenzene is increased in the presence of a sterile abscess. Due to tissue- 
breakdown, such an abscess makes more neutral sulphur available which might 
be utilized in forming mercapturic acid. These findings may help to explain 
the mechanism through which sterile abscesses protect against certain drugs." 


A sterile abscess also affords protection against hepatic damage due to chloro- 
form-poisoning.*® Chemical analysis revealed increased quantities of protein, 
and particularly of purines, in the livers of rats bearing an abscess or anes- 
thetized with chloroform. It has been suggested that this change in hepatic 
composition may explain the “crossed resistance’ in this instance, especially 
since the disproportionately large increment in nucleic-acid content is con- 
sidered to be characteristic of tissues actively forming new protein.®" 


These biochemical findings are consonant with the earlier histologic observa- 
tions which led to the conclusion that ‘‘a severe injury of the liver from uranium 
nitrate may lead to the development, through a process of metaplasia and as a 
reaction of repair, to the formation of an atypical kind of { ’ 
which is resistant to chloroform’ .* - als 


as 


*2 Wells et al. A37472/41. 
*S Liling and Gaunt 89147/45. 
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ope 7 > , - Se S ‘Ss : ~ ~ 200 
other instances of crossed resistance betw een various damam acai ” 
i described,** but of course there is no reason to belioy, 99 
a et wuld give crossed resistance with every ri that The possibility must also be kept in mind that it may be advantageous for 
ars i seit of resistance to one agent, tolerance to others bs the organism to “defocus” highly selective adaptative reactions in individuals 
coda cing. pages al (see below). Hence, it is not surprisin Stimy] in which adaptation has become too specific. Even among the animal experi- 
usually falls below cman Be betweer formalin and drenalill if One ments cited above as examples of crossed resistance, the best protection was 
author ** found ed ee Be cites which he used. He states ; hel Unde; usually obtained against rather selective actions (e.g. lung-edema, anaphylactic 
3 Z a Sla . - : : vr : ; ) ; 
the pease hs aaEN howed only a local resistance, whether me animals and anphylactoid responses). It is as though crossed resistance were most readily 
ee mes ey aes " Peanaite or one of adrenaline Althougi ®Y Were obtained by a non-specific systemic stressor against the highly specific, organo- 
subjected to a letha a ihe Be ericent produced th. a genera} tropic actions of other agents, not against their general stress-effect. Indeed 
resistance was observe ; enoei a erhio the author a Ipal anat. perhaps the mere stress-effects of various stimuli are always additive. This 
omical signs of Selye’s alarm reaction . hor concludes th Rdsin why for ane / amc g eaged ci 
f d resistance in the G-A-S may b ils could explai hy for instance a mild A-R desensitizes while a severe A-R 
perhaps the phenomenon rt Sie damaged skin of ein ode Be: toa sensitizes to anaphylaxis. In the former instance the crossed-resistance-effect 
ee Sn alin-tre * 2 
diminished absorption sai fom mes d a aaa animals, (protection against selective overreaction of the shock-organ) would prevail, 
This could only explain increased resistance to a drug injected into the g ile with a severe A-R the ani , ie in spi is i 
iN igrabersualy aot account for crossed ; Tea while with re / the animal would die in spite of this protection, due 
damaged by formalin. It wou ne viously SSEG resistance jn to the summation of the systemic stress-effects of the two agents. 
our experiments (cf. above) which were performed under conditions Specifically All these jeration f 1 1 l 
. shel: ; ini . se considered Ss rs ative: S 
designed to exclude this possibility (e.g., by intravenous administration of rth these ns are, of course purely speculative; our only excuse 
for this digression is to emphasize the essential difference between non-specific 


drugs). d specific ‘‘crossed resistance”’ ph 
It should be emphasized that in any particular instance it is extremely Saag Ke pS 
difficult to prove that “‘crossed resistance” is a direct result of the G-A-S rather 
than due to some specific protective mechanism. The concept of crossed resis. 
tance should obviously not be extended to such specific instances of protection 
as, for instance, that afforded by glucose against insulin or by an antihormone 
against a corresponding hormone. The term “non-specific resistance” must After pretreatment with morphine, resistance to cold or atropine treatment 
only be applied to increased tolerance due directly to systemic stress, no matter is diminished, while intense muscular training was found to decrease atropine 
how produced. or cold resistance.*® Mice kept in a cold environment become unusually x-ray 
The mechanism through which systemic stress can thus raise resistance is sensitive.*“* Morphine addicts, who have acquired great resistance to this 
not yet known. The stimulation of corticoid-production, the catabolic impulse, drug, proved to be hyperreactors in the “cold-pressor test’’.** Chronic 
which provides protein-decomposition-products, the glycogenolysis and gluco- undernourishment during famines (wars, concentration camps) endows the 
neogenesis, which renders glucose available for repair and regeneration, as body with the ability to subsist on a minimum of food, but this occurs at the 
well as the profound change in the hemodynamic equilibrium and in the blood- expense of resistance to other stressors, for instance infections. Hence 
proteins involved in serological defense reactions, probably all participate in epidemics (typhus. tuberculosis, etc.) are common, and especially lethal, 
these phenomena. among the undernourished.** The same is true in animals; thus rats kept on 
For centuries, various types of non-specific therapy, protein-therapy, shock- inadequate diets become unusually sensitive to Salmonella typhi murium.*** 
therapy, bloodletting, etc., have empirically been used in the treatment of what Occasionally an artificially induced attack of fever (e.g., by injection of 


The counterpart to crossed resistance — a decrease in tolerance to one agent 
produced by pretreatment with another agent — might be designated as 
“crossed sensitization”. Numerous examples of this phenomenon have been 
described during the stage of resistance of the G-A-S. 


we would now consider to be “diseases of adaptation”. However, here the gonococcus vaccine) can precipitate the development of typhus fever. The 
mechanism of action may be somewhat different from that involved in the view was expressed that the shock may diminish host resistance against a 
protection of a healthy animal by the A-R against the action of a subsequently latent typhus infection and thus precipitate a clinical outbreak of the disease. 
applied agent. It must be realized that most of the diseases of adaptation cor~ If this explanation proves to be valid, the conservation of the virus between 


respond to derailments of the resistant stage of the G-A-S and not of the A-R. typhus epidemics would become more readily understandable.» In mice a 
In the resistant stage there is a great deal of specific adaptation to one type © number of substances used for the production of experimental shock enhance 
agent to the detriment of resistance to other stimuli. Furthermore, there i$ the lethal effects of anthrax spores.*** : 
ions of continuously hyperactive defense-mechanisms, e.g., increased pro- 
be ee = Pituitary-hormones and corticoids. At this time, systemic stress 
ae : [ taipengg therapy could act by merely “utilizing” the excessive : 
which id panied or instance, by causing a relative corticoid-deficiencY 
; ould tend to counteract hypercorticoidism. 


es 
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The notorious decrease in resistance to infection which occurs after ex 
to ionizing radiation ** may represent another pertinent example, POStre 
oi _ 
iti J = 
Systemic stress may even sensitize to allergens. “Thus durin 


life-situations productive of conflict, typical hay fever Liffey 


attacks foll 


pollen-inhalation” in otherwise insensitive individuals.’” It was also ped 
for example, that mice, when optimally adapted to ultraviolet irrad; und 
lose their resistance to acetonitril.*! In this latter instance, th ation 


sensitization was ascribed to an activation of the thyroid by the Bled 
rays, as it is known that hyperthyroidism raises sensitivity ‘© acetonitri] 
in the case of ‘crossed resistance’, many instances of “crossed Sensitizagi : 
may well be due to the specific actions of the agents. It is curious, hosts 
that all types of prolonged, intense, systemic stress appear to cause 
degree of crossed sensitization at the height of inurement to the ages 

which adaptation occurs. This non-specificity suggests that the phenomen to 
is an integral part of the G-A-S. On 


Stimuli Influencing Resistance During the G-A-S, 


Systemic stress. — Previous exposure to stressor agents considerab] 
influences the development of the G-A-S but since this factor has alee 
been dealt with in connection with changes in specific and non-specific ae 
tance (see above) we need not discuss it here. 


Hypophysectomy. — The great diminution in resistance to non-specific 
stress occasioned by hypophysectomy in the animal, or by destructive Pituitary- 
diseases in man, is one of the salient features of anterior-lobe insufficiency‘? 
Hypophysectomized rats become so sensitive that they die if treated with 
minute doses of x-rays,‘* insulin ‘4 or even comparatively small amounts of 
the otherwise so innocuous folliculoids.** Experiments specifically designed to 
study the influence of hypophysectomy upon the course of the G-A-S in the rat 
revealed that the decrease in stress-resistance — though very severe — is not 
quite as pronounced as after adrenalectomy. Probably some cortical function 

persists even in the absence of hypophyseal corticotrophin since adrenalectomy 
causes death, while hypophysectomy is compatible with the prolonged main- 


tenance of life as long as the organism is not exposed to any unusual stress- 
situation.*# 


Hypophyseal extracts. — 
effective in restoring stress-res 
ineffective in intact animals.‘7 
has been observed with crude 
from traumatic shock the effect 
the same as that of cortical e 
intraperitoneal administration 


Anterior-pituitary extracts, though notoriously 
istance after hypophysectomy, are comparatively 
Nevertheless, some increase in stress-resistance 
corticotrophic preparations.*8 In rats suffering 
of corticotrophin was slight and approximately 
xtract.1” Resistance to the damage caused by 
of hypertonic glucose-solutions is also some 


*” Cronkite B24051/48, 


; ; “ Swann and Fitzgerald A15712/38. 
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ae B/OIO/AS Brion 40 * Selye et al. 38815 /36. 
Wiis a Ge B4I776/47 8 Selye B1204/46, 94572/49, 

ey B33418/49 . Selye and Collip 66617/36. 

et al, BS0418 49, * Selye 94572/49, 
94572/47. *S Locke A6829/37, 
: * Noble and Collip A56107/42. 


"e et al. B33116/48, 


<——— STIMULI 61 


what increased by corticotrophin, but in hypophysectomized animals this 
improvement is much more considerable.*” (CE. also “Serologic reactions”’.) 

Vasopressor posterior-pituitary extracts are comparatively ineffective in 
raising resistance to systemic stress although some beneficial results have 


allegedly been obtained in the treatment of traumatic and hemorrhagic 
shock.*! Vasopressin has also been recommended as a prophylactic in clinical 
surgery, especially following severe abdominal interventions.*? Perhaps the 
pressor action, the stimulation of intestinal contractility (as a prophylaxis 
against postoperative ileus) and the influence upon water and electrolyte 
balance, are responsible for these effects. 

Adrenalectomy. — Adrenalectomy considerably decreases resistance to all 
types of systemic stressors (infections, intoxications, malnutrition, trauma, 


extremes o! temperature, anoxia, etc.). This is mainly due to cortical insuf- 
ficiency, since transplantation of adrenal-cortical tissue, or administration of 
corticoids, restores the resistance of adrenalectomized animals towards normal, 
while adrenaline is comparatively ineffective. These fundamental facts of 
adrenal physiology are now so well established that the reader may be 
referred to standard textbooks for relevant data.*3 

In connection with the G-A-S it is particularly noteworthy that adrenalectomy 
markedly decreases resistance to emotional stressors. Thus the excitement 
incident to electro-shocks is frequently fatal to the adrenalectomized rat. 
DCA-therapy is beneficial, but much larger doses are required for life-main- 
tenance, during such stimulation, by the emotional, wild strains, than by the 
placid laboratory rat. 

It is especially interesting to note the close parallelism between the amount 
of corticoid given and the degree of stress which an adrenalectomized animal 
can tolerate. This relationship is so close that a sensitive bioassay-method for 
corticoids has been based upon the determination of the amount of material 
(solution containing unknown quantities of corticoids) required to maintain 
adrenalectomized rats during exposure to the systemic stress caused by cold.** 

It is very difficult to raise the resistance of adrenalectomized animals above 
that of intact controls. This has been accomplished for instance with DCA 
against potassium-intoxication,”® but in such instances, specific hormone-actions 
(e.g., upon blood-potassium) are probably involved and not a mere non-specific 
increase in stress-resistance. 

The great similarity between the manifestations of the A-R (especially the 
shock-phase) and those of adrenal insufficiency, is rather striking. Both these 
conditions cause hypotension, hemoconcentration, hypoglycemia, hyponatremia, 
hypochloremia, hyperpotassemia, hypothermia, muscular weakness, gastric and 
intestinal ulcers, etc. It had been variously claimed that the main function of 
the adrenal is the maintenance of body-temperature, the prevention of muscular 
fatigue, the detoxification of harmful metabolites, the mai 
normal blood-sugar concentration, and so forth. 
the A-R revealed however “that ani ° 
muscular exercise, cold or toxic dc 
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same stimuli very well, even after the es pt been removed, whit 
exposure to the same stimuli invariably kills all ia adrenalectomi..° 
controls, with symptoms characteristic of adrena insufhiciency and of the ales 
reaction’.®? Subsequently it was noted that adrenalectomized animals tt 
even acquire resistance fo new stimuli if they are protected againg thee 
immediate damaging effects, by sodium chloride treatment, during the pice 
of adaptation. After salt treatment is discontinued, such pretreated adrenal. 
tomized animals proved more resistant to the stimulus to w hich they adapteq 

x 


themselves than non-adapted adrenalectomized controls’’.® Using cold q 
forced muscular exercise as stressors, it has been confirmed that a Previoy a 
acquired adaptation is not abolished by adrenalectomy in the rat, Although 
the adapted-adrenalectomized animal is, of course, not necessarily more thee 
tant than the not adapted-intact, it is always more resistant than he ars 
adapted-adrenalectomized control.”® . 

Normally adrenalectomized animals are ill equipped to acquire or Maintain 

a state of adaptation. Yet, if the stress is not lethal during the A-R stage 
the characteristic three-stage G-A-S occurs even in the absence of the adrenals, 
although the resistant stage is much shorter than in the intact animal, Ther 
the G-A-S was found to be “telescoped”’ into a period of a few days while 
normally it may last weeks or months. It was concluded that ‘‘these experiments 
are in agreement with the conception that the primary cause of the adrenal 
insufficiency syndrome is a disturbance in the mechanism of adaptation and 
more particularly a decrease in the ability to maintain adaptation once it is 
acquired’’.®° 

Subsequently it was found *! that adrenalectomized dogs, which are extreme- 
ly sensitive to dietary administration of potassium, tolerate considerable amounts 
of it if the potassium-concentration of the diet is raised gradually. 

Pretreatment with DCA protects the adrenalectomized rat against otherwise 
lethal burns.®'* 

The survival of x-irradiated adrenalectomized mice is but slightly prolonged 
by DCA or adreno-cortical extract. “The adrenals are apparently involved 
only secondarily as part of the organism's buffer response to the stress of 
irradiation." The loss of adrenal-lipids in atomic bomb victims has been 
ascribed to the A-R. Yet if the adrenal region is protected, the resistance of 
rats to total-body x-irradiation rises.®1 

If adrenalectomized rats are exposed to anoxia their corticoid requirement 
is extremely high, but drops close to normal maintenance-levels after adaptation 
has been acquired. Rats adrenalectomized after adaptation to anoxia do well 
on comparatively little cortical extract,®2 

Experiments concerning the resistance to water intoxication of adrenalec- 
tomized rats (some of which were, while others were not previously adapted) 
likewise suggested a somewhat greater resistance in the adapted series. It was 
concluded that “the suggestion of the positive results is reminiscent of the 
carrying-over of resistance to other stresses after adrenalectomy as reporte 


oT i hi 

br se ae ®t Kendall and Ingle 68707/37. 

oe B32732/49 "8You and Sellers B46218/50. 
VesMarai: ce ; 833124 ®1>Straube et al. B39082/49. 

60 Selye ASDIO7 aie / 48. *teCraver B42673/48. 


°° Langley 8387 7 {ABs 


<—— STIMULI 63 


by Selye’.“* It should be mentioned in this connection that the adrenals 
enhance resistance to water-intoxication only through cortical activity; the 
medulla does not appear to be essential for this." DCA and the rapidly 


absorbable, water-soluble desoxycorticosterone glucoside are about equally 
effective in protecting the adrenalectomized rat against water-intoxication.*** 

Intact rats readily adapt themselves to the shock-producing effect of intra- 
peritoneal injections of hypertonic (40%) glucose-solutions, while adrenalec- 
tomized animals allegedly fail to acquire such resistance.” As judged by the 
previously cited observations, it is very probable, however, that if smaller doses 
of glucose-solution had been used, some degree of adaptation could have been 
demonstrated even after ablation of the suprarenals, 

Morphine is a drug to which an extraordinarily high degree of adaptation 
may be acquired by intact animals. In one experimental series non-pretreated 
and morphine pre-treated rats were adrenalectomized and subsequently treated 
with the same dose of morphine; 75% of the pretreated animals survived while 
all the non-pretreated succumbed.*¢ 

In connection with the concept of the diseases of adaptation, it is of special 
interest that a high sodium-intake prolongs the survival of adrenalectomized 
animals, presumably because it diminishes mineralo-corticoid requirements.*7 


Curiously ammonium-chloride — which causes Na-depletion — does not 
abolish the life-maintaining action of DCA in the adrenalectomized rat. This is 
all the more remarkable since the hyalinosis-producing action of DCA is very 
effectively combatted by NH,Cl.°* Such observations suggest that the thera- 
peutic administration of NH,CI against clinical hyalinosis would not necessarily 
impede the ‘‘defense-actions” of corticoids. 

The réle of the adrenals in the acquisition of resistance to steroid hormones 
is of particular interest. Most of the steroid hormones and their immediate 
derivatives are extremely well tolerated by the rat even if very large doses 
are given. As previously mentioned, however, overdosage with certain steroids, 
especially folliculoids, can produce manifestations reminiscent of the G-A-S, 
particularly adrenal-cortical enlargement, involution of the gonads, thymico- 
lymphatic atrophy and growth-inhibition. It has also been emphasized that 
continued treatment with large doses of folliculoids leads to a typical triphasic 
response. There is an initial, marked loss of weight and pronounced adrenal 
enlargement, followed by a resumption of growth and some decrease in adrenal 
size, while eventually exhaustion and secondary adrenal enlargement with 
weight loss ensue.®® 

Unlike normal controls, adrenalectomized rats are especially sensitive to 
the toxic effects of various steroid hormones, especially the folliculoids. They 
tespond with extremely severe A-R (shock-phase) changes resulting in death. 
While, even after adrenalectomy, hormonally inactive steroids (e.g., preg 
diol, cholestenone) are practically non-toxic, testoid, a finitely dam 
although not quite as much as the fo: 
considerable amount of folliculoid poten 
toxicity of various steroid hormon 
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upon their folliculoid action. 0 Diethylstilbestrol proved to be as toxic .. sacs 65 
Pp iculoids, hence the damaging effect of these compounds as the 
natural follicu co folliculoid potency and not upon their steroid : arenthy, prophylaxis and treatment of shock-like conditions. The following condensed 
depends upon ‘ fee een Ne-supplements TUcture 7 survey is presented merely as a guide to this field which offers such interesting 
The fact that high-carbohydr Ee airenalecto- : Prolong h possibilities for the practical application of the G-A-S-concept. From the 
. ~ co Om1z . 
survival, and increase the stress — — |... tomized animal, "* papers quoted, it will be seen that the corticoid Decree’. .ol mente seien 
. i. Stinagly Fy - 
too familiar to deserve special consi aii i: Rackive “ sty: however, aa appears to hold promise. However, the optimal quantities of hormone are 
tothenic acid supplements proved especially eftective in thi respect,tib * “N- probably ~ above those in general use and much further work is needed to 
es : ‘ en’ i the best iti 3 ini i a 
Adrenaline. — Administration of adrenergic substances such as adrena}; a C. a Rigs of igre route of administration, type of cor 
gives little protection against the systemic stress effect of various non ine, ticoid to * ¢ : en, ~ itioning factors (e.g., diet), kind of “supportive 
| ra 2 7 (blood-trans j : 5 9 
agents. This is probably due to the fact that an absolute or even a Bis therapy (b! ' transtusion, glucose, saline, ascorbic acid), etc. ae’ #s 
g E P i limniti . ; Elatiy, Considerable work has been done concerning the value of corticoids in the 
deficiency in adrenergic substances is rarely a limiting factor in resi e - ‘ 
: : li “~ ‘ Sistance prophylaxis and therapy of traumatic shock due to surgical interventions or 
The pronounced beneficial action of adrenaline and its Tivatives in Cont @rushing injuries in man. The pertinent reports are quite contradictory and 
i i i age such as histamine-shock ° is: : ‘ 
batting certain apeniel od i “is on id Bivevd “tah ig anaphylacti, difficult to evaluate.7* Nevertheless, a study of these publications leaves one 
shock or insulin hypoglycemia, is presumabiy due to specific Actions of with the impression that cortical extracts and gluco-corticoid compounds can 
adrenergic hormones (e.g., upon the bronchial musculature, the cardiovascula, be effective in the treatment of systemic stress due to trauma if very high doses 
system or the blood-sugar), not to a systemic effect upon resistance in general 2 are given before the development of irreversible shock. The value of DCA is 
These effects will be discussed in greater detail in the section concerned with much more questionable; prolonged pretreatment with this steroid may even be 
the individual targets affected (e.g., cardiovascular system, lung). Because detrimental by causing “compensatory atrophy” of the adrenal cortex and thus 
of its special implications upon the stress problem, let us merely mention here inhibiting the normal function of the cortex. If corticoid-therapy is instituted 
that the anaphylactoid edema, produced by parenteral administratio in traumatic shock, it should always be supported by the usual prophylactic and 
PRY, pP y N of egg. y pp y prophy 
white in the rat, is also effectively prevented by pretreatment with adrenaline therapeutic procedures (e.g., transfusions, maintenance of body temperature). 
Since a variety of stressors inhibit this response, while adrenalectomy aggray. The literature concerning the efficacy of corticoid therapy in the various types 


of experimental traumatic shock in animals (crushing injuries, tourniquet, Collip- 
Noble drum, temporary blood-vessel ligatures, etc.) is likewise contradictory. 
Some investigators reported excellent results, proven to be statistically signif- 
icant, while others found little or no improvement.” Careful scrutiny of the 
pertinent literature did not enable us to single out any particular circumstances 


ates it, this observation deserves special mention. It has been considered to 
indicate that, in the case of anaphylactoid edema, the “protective effect of 
alarming stimuli might be interpreted as a result of the release of epinephrine 
from the adrenal medulla”’.” 


Corticoids. — As stated above, the extraordinarily low stress resistance in the experimental procedures used, which could explain the conflicting nature 
of adrenalectomized animals can readily be raised towards normal by cor- of apparently reliable observations. As with the clinical data, it appears that 
ticoids. In animals with intact adrenals, on the other hand, these hormones gluco-corticoids are most likely to be effective while desoxycorticosterone acetate 
are comparatively ineffective in augmenting non-specific resistance above possesses little, if any, beneficial action.7* The réle of the compensatory 
normal. Apparently, the mechanism for the excess production of corticoids adrenal-cortical atrophy in the prophylactic administration of corticoids has 
during stress-situations is nearly optimal, so that additional administration been studied especially in the rat. It was found that pretreatment with various 
of exogenous hormones does not appreciably change stress tolerance, except corticoids causes pronounced adrenal-cortical involution and thus interferes 
under certain conditions. Thus, in patients with pre-existent, latent hypo- with the normal stress-response of the cortex. This “compensatory atrophy” 
corticoidism (‘Addisonism”) and in those with extensive adrenal necrosis, = = _ ~ 
such as occasionally develops in acute fulminant infections, the lack of cor- 7 Anonymous A32943/40, A34297/40, Reed A19354/38, Stahli B29541/46, 
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ticoids may become a crucial weak point in the defense-mechanism against 
systemic stress; in these cases, corticoid-therapy is usually effective. 

, The extraordinary efficiency of desoxycorticosterone in combatting potas 
sium-intoxication, or that of 11-oxygenated corticoids in counteracting insulin 
hypoglycemia (see below), can hardly be regarded as indicative of theif 
value im non-specific stress-situations. These actions are due to the specific 
mineralo- and gluco-corticoid effects of the compounds respectively. 


Pic je within the scope of this monograph to present a detailed discussio" 
€ voluminous literature concerned with the effects of corticoids in the 
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is particularly detrimental if it is produced with DCA, since the latte 
a mineralo-corticoid, has little, if any, shock-preventing effect, but 7 being 


impedes the endogenous production of more useful gluco-corticoids, prrisusly 
pretreated with DCA and then submitted to the systemic stress Of ¢ * Tats 
develop signs of severe cortical insufficiency much more readily tha Tuma, 
pretreated controls.” D non, 
In fetal shock (infants born in shock), treatment with DCA was aj 
beneficial when administered in combination with saline infusions 78 pegedly 
observations still await confirmation. "DUE these 
The sudden collapse in cases of infantile eczema apparently respond 
well to treatment with adreno-cortical extract.* (Cf. also “Infanti s Very 
rhoea” p. 101 and ‘Premature infants” p. 70). e diar. 


Similar therapeutic trials in obstetric shock led to the conclusion that « 
use of adrenal cortex extract may be of value as a preventive, This j ee 
unquestionable value when cortical function is known to be defcienes oO 
the prophylactic administration of corticoids, the pretreatment periog In 
be brief to permit optimal hormone saturation of the organism without inc she: 
the danger of compensatory adrenal-atrophy. Urring 


The shock-like condition produced by intestinal obstruction in the q 
has been claimed to be partly relieved by intravenous administratio . 
DCA.*° On the basis of animal-experiments some investigators recom a 
the use of cortical extracts in the treatment of intestinal engines 


Efforts to relieve hemorrhagic shock by corticoids have been rather unif 
ly discouraging.** <a 
In patients and experimental animals who suffered from the systemic stress 
of severe burns, corticoid-therapy yielded conflicting results in the hands of 
different investigators.** Simultaneous administration of large doses of 
ascorbic acid has occasionally been recommended.** Curiously some experi- 


ments on intact rats suggest that DCA gives m i i 
: ore protection a 
than cortical extracts.** . 4 aie 


; Since exposure to cold is a particularly effective alarming agent, numerous 
investigators examined the value of corticoids in combatting the systemic 
stress caused by low temperatures. Beneficial effects have allegedly been 
pa ner in some clinical cases.*° Animal experiments with cortical extracts 
be Fae eae were much less encouraging. Indeed, following chronic 

-pretreatment, resistance to cold was found to be subnormal as a result 
of the compensatory-atrophy-phenomenon.*¢ 
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In patients suftering from heat-stroke favorable results have been reported 
by various authors who used either cortical extracts or DCA.*? In subjects 


in whom fev er-therapy was instituted for syphilis of the central nervous 
system, it was found that “this extract decidedly reduced the degree of fatigue 
and accelerated the rate of recovery after one or two treatments. The fre- 
quency and intensity of other symptoms were also favorably affected. 
Desoxycorticosterone acetate produced no beneficial effects.” Although the 
extract caused a fall in plasma-sodium and diminished the loss of sodium 
through perspiration, it was concluded that “the retention of sodium, when 
adrenal extract was given, was insufficient to account for the amelioration of 
the unfavorable clinical reactions to fever therapy’.** In rabbits, cortical 
extract also appears to have raised resistance to artificially produced fever.*° 

In patient ith systemic stress due to x-ray damage, DCA treatment has 
been claimed to give marked protection. In experiments on mice, the 
liver-damage normally seen after x-irradiation was allegedly strikingly reduced 
and the survival slightly improved by DCA-treatment.” However, certain 
strains of mice do not appear to benefit from such therapy.*!* 

In various types of nervous diseases, especially in chronically fatigued 
neurotics,** and in ‘acute confusional states”’,®* treatment with cortical extracts 


has been claimed to be beneficial. Excellent results have also been reported 
in DCA-treated epileptics (grand mal). In the latter instance, the beneficial 
results were ascribed to the changes in water- and electrolyte-metabolism 
which DCA could induce in the brain. (Cf. also: Nervous system.) 

The mortality rate of rats in which forced exercise led to severe exhaustion, 
is claimed to be diminished by adrenal-cortical extracts %* and even by DECAY 
These beneficial results were manifest although the adrenal hypertrophy, 
normally produced by exercise, was inhibited by the corticoids. However, 
after prolonged and intense DCA-pretreatment, the mortality from forced 
exercise is greatly increased in the rat, presumably because the compensatory 
adrenal-atrophy prevents the elaboration of more useful (gluco ?) corticoids.™” 

In combatting the systemic stress of anoxia and reduced atmospheric pres- 
sure, strikingly favorable results have been obtained with various types of 
corticoids,®® but in one experimental series, in which cortical extract was 
highly effective, DCA and 17-hydroxycorticosterone proved to be without 
value.®® 

Many investigators examined the possible value of corticoids in raising 
resistance to spontaneous and experimental infections,’ or intoxications with 
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bacterial toxins: 101 the results were often far from spectacular, but ‘ 
i : r 
in some cases such therapy has been useful, Combined administragj apy 
ascorbic acid and corticoids is recommended by some authors,10 On of 
Particularly favorable results have been reported m very acute infecu 
5 ced 
which cause a great deal of systemic i with a marked adrenal] resnaal 
2 ; + 103 ia, eningococcemia Nise, 
for instance in malaria, pneumonia,” mening a with Waterhoys.’ 


Friderichsen syndrom 
typhoid endotoxine, 
extremely low endoto 
siderably increa 


e,% and in typhoid fever. In intact mice, treated 
cortical extracts are rather ineffecti\ Wi 


xin-tolerance of the adrenalectomized animal Buel 
sed by such treatment. Beneficial results have slag a 
ee 


obtained in diphtheria and after diphtheria-toxin administraticn.'°S In the ne 
er 


instance, many aut 


hors stressed the value of simultaneous 


ascorbic ag; d 


administration.’ Several of the investigators who employed « orticoid-thera 
in these acute, infectious diseases, claim to have obtained very satisfactory 


results even with DCA. 


In clinical and experimental gas gangrene due to infection with Cl.Welchi 
favorable results were again allegedly obtained, not only with cortical extrac ; 
but also with DCA. In any case, the corticoids tend to prevent only the 
manifestations of shock and not the progress of the local infection itself, : 

During an epidemic of whooping cough, a small group of patients were 
given injections of adrenal-cortical extract; it was concluded that “the severity 
and duration of whooping cough in these patients was notably diminished" 1 
In a cholera-epidemic cortical extracts were found useful but the number of 
cases treated was too small to draw definite conclusions."* 


The experimental poliomyelitis of Swiss mice was not influenced by DCA 


treatment.!1% 


It has been claimed that the resistance of mice to streptococcus, and of guinea- 
pigs to spotted fever infection is raised by cortical extracts,'’* but the figures 
given are not very convincing. The resistance of rats to trypanosoma equiper- 
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dum ™* and that of mice to pneumococcus '® were not influenced by cortical 
extract. 

In chronic infections corticoid therapy is even less likely to be of value. 
Only in tube: ulosis has it been seriously recommended, mainly because this 
infection ) frequently accompanied by actual adrenal-cortical failure?" 
However. recent observations with cortisone suggest that. by enhancing the 
absorption of delimiting connective-tissue barricades, the spread of tuberculous 
lesions is p! ed by gluco-corticoids. 

In view of the great resemblance between hypocorticoidism and celiac disease 
(idiopathic st :torrhea, non-tropical sprue) several investigators attempted 
corticoid therapy in the latter condition, The results so far reported, both with 
cortical extra: .d with DCA, have been equally encouraging."* Of course 
corticoids should merely be employed as an adjunct to the usual nutritional and 
liver therapy. (¢ ilso p. 101.) 

The use of cortical extracts or DCA in the treatment of eclampsia and 
other pregnancy-toxicoses has had many advocates,’!® but it is not always 
effective: indeed it may even aggravate the condition.'*” 

In the pregnancy-toxicoses, manifestations of hypocorticoidism (gastro- 
intestinal disturbances, increased tendency for pigmentation, muscular weak- 
ness, etc.) are often associated with signs of hypercorticoidism (hypertension, 


renal lesions, sodium- and water-retention, hyalinosis, etc.). The adrenal 
cortex tends to enlarge even in normal pregnancy. It is not impossible 
therefore that many of the manifestations of pregnancy-toxicoses are due to 
inappropriate (hypo-, hyper- or dysfunctional) responses of the adrenal cortex 
during a condition of greatly increased corticoid-requirement. If this be the 
case, corticoids may have either beneficial or detrimental effects depending 
upon the circumstances. (Cf. “Pregnancy diseases of Adaptation”’.) 

In various allergic conditions — especially in asthma, serum-sickness, herpes 
zoster, urticaria and dermatitis venenata — treatment with cortical extracts 
or DCA has allegedly given excellent results." It has also been claimed 
that cortical-extract or DCA-pretreated guinea-pigs sensitized to horse- 
serum or egg-white, show unusually mild anaphylactic phenomena upon 
re-injection with the same antigen.’ (CE. also “Serologic reactions’’.) 
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In premature infants DCA-treatment has also been recommended 123 


because during the first we 
hypocorticoidism (anorexia, 
cemia). ” | 

Corticoid-therapy has likewise been magenta’ “a various other diseases 12, 
including the habitual vomiting of infants,'** dehydration o} injancy,126 


types of marasmus," ill-defined gastrointestinal disturbances.'** 


of these findings are greatly in need of confirmation. 

The efficacy of corticoids in augmenting the resistance oI} not-adrenale 
tomized animals to toxic doses of various drugs and hormones has bey a 
subject of particularly numerous studies.!*° In adrenalectomized aninial, 
corticoids are always very effective in raising resistance to drugs so that this 
literature need not be discussed here. In the intact anima!, however, 4, 
results are less clear-cut. As applied to bacterial toxins we have already 
mentioned this above (see: Infections). 

The resistance of rats to acetonitril was considerably raised by intraperitoneal 
implantation of adreno-cortical tissue, but since a cortical extract did not show 
this effect 1° it is doubtful whether the implants owed their activity to corticoids, 


eeks of life they may present a syndrome resem 


failure to gain weight, dehydration, tin - 
Gly. 
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DCA was claimed to raise the resistance of intact animals to bromide. 
intoxication,™! but this requires confirmation. 


Adreno-cortical extracts allegedly possess a considerable protective action 
against the toxicity of colchicine, a drug known to be a particularly powerful 
alarming stimulus.'** 


The life-span of rabbits in which a considerable NaCl-depletion was induced 
by the intraperitoneal administration of hypertonic glucose-solution has not 
been significantly prolonged by cortical extracts.'*8 


Observations concerning the ability of corticoids to prevent histamine-shock 
led to somewhat contradictory results.'%4 However, the extraordinarily low 
histamine-resistance of adrenalectomized animals is very effectively raised by 
corticoids. This is noteworthy because the liberation of histamine or similar 
substances from tissues has often been postulated as playing a prominent réle in 
the production of shock and of various allergic phenomena. 


The shock-like condition induced by insulin in experimental animals * as 
well as the systemic stress occasioned by insulin-shock therapy in man 136 are 
effectively counteracted by gluco-corticoids, but not by DCA. This effect 
cannot be ascribed exclusively to a rise in non-specific resistance; it is due mainly 
to the prevention of insulin-hypoglycemia by the increased amounts of carbo- 
hydrate rendered available through the action of gluco-corticoids. 


128 Archimede A33701/40, Jaudon 99655/46. 
124 Lapin et al. 96634/43. 

128 a ib B25609/47, 

Po ee Jaudon B36572/48. 


and Robertson 93480/42, 93481/4+- 

182 Clark and Barnes A33441/40. 

133 Loreto A30833/38. 

184 Binet A38193/41, A39122/42, 
Perla et al. A31863/40, 
Wittich A99080/43. 

185 Jensen and Grattan 77887/40, 
Levene and Swann 80483/41. 
136 Goldman A33782/40, 1 

Le 


<— STIMULI 71 


Iodoacetate tends to cause a very severe A-R, hence it is noteworthy that 
its non-specific stressor effects are but slightly 7 or not at all ™* inhibited by 


cortical extracts. 


The alleged beneficial effect of corticoids in lead-poisoning * requires further 
confirmatior 

Resistance to the so-called menstrual toxin is purportedly raised in intact 
rabbits by tre 1ent with adreno-cortical extract.1*" 

Since mustard gas is a very powerful alarming stimulus, it is interesting that 
corticoid-th« has been found of some value in combatting its systemic 
stress effect 

Experiment rats, which developed shock after intraperitoneal injection 
of large amounts of peptone, led to the conclusion that “injection of large doses 
of adrenal cortical extracts increased the incidence of survival over that of 
untreated animals. Extracts derived from hog adrenals were superior to extracts 
of beef adrenal glands. The administration of 11-desoxycorticosterone acetate 
and of small doses of adrenal cortical extract was ineffective’ .)!* 

Resistance to potassium-intoxication is consistently raised both by cortical 
extracts,'** and by DCA in various species. However, it was noted that 


although ‘‘desoxycorticosterone acetate protects the normal rat from KCl 
poisoning, repeated 2-mg. doses of desoxycorticosterone acetate resulted in the 
physiological atrophy of the adrenal cortex. This atrophy was manifested in 
the decreased resistance to KCl poisoning if enough time was allowed for the 
protective concentration of the drug itself to disappear from the body™.' 
Apparently, here, we are dealing with another instance of induced hypocorticoi- 
dism because DCA was given for a sufficiently long time to cause compensatory 
atrophy of the animal's own cortex. Comparative studies in the rat revealed 
that while cortical extract afforded immediate protection against potassium 
poisoning, DCA had to be given for several days as a pretreatment. This is 
noteworthy since DCA is more active in depressing serum-potassium than 
impure cortical extracts.'° 

Severe intoxication with thiourea or its derivatives, may cause a syndrome 
reminiscent of acute adrenal insufficiency in the rat. In such animals treatment 
with cortical extract diminished mortality.1* 

Thyroid hormone is extraordinarily injurious in hypocorticoid patients or 
animals. It causes an intense catabolic response accompanied by marked hyper- 
trophy of the adrenal-cortex with other manifestations of the G-A-S.* It is 
especially interesting, therefore, that the toxicity of thyroxine is most effectively 
counteracted by DCA even in intact guinea-pigs and mice.’ 


The toxicity of certain tissue extracts is allegedly also reduced by cortical 
extracts." In view of the probable réle played by toxic tissue-catabolites in the 
G-A-S, this observation would well deserve further study. ; 
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Trichlorethylene-intoxication tends to cause very pronounced adrena} cha 
hence it has been tried to raise resistance to this drug with corticoids. Ppan’ 8; 
favorable results were obtained in the guinea-pig, especially if g scorbic nt 
5 “aig 
151 


was also given. ® 
The shock-like condition caused by veronal-poisoning is 
improved by cortical extracts.'%? 
Experiments concerning the toxicity of excess water led to 
that “large doses of adrenal cortical extract or desoxycortic os 
will protect normal rats from doses of water which otherwi 


water-intoxication”.!®* 


DCA-pretreatment delays death after complete nephrectomy in the moy 
and rat.!®4 Since this corticoid decreases the potassium-conient of the bee 
the prolongation of life which it occasions has been ascribed io a mere dy y, 
in the rise of the serum-K to the toxic levels characteristic of uremia.lis 
In dogs with anuria following ureter ligation, the post-operative administratio 
of DCA failed to yield beneficial results. This was also interpreted as showing 
that the steroid acts by previously depleting the body of K.'°° In dogs, on 
treated with DCA, the rise in blood-K was delayed and the life-span prolonged 
after subsequent complete nephrectomy. It was again concluded that the 
steroid acts by delaying the attainment of toxic serum-K levels.’ It has been 
shown, however, that in rats pretreated with DCA, not only are the hyperpotas- 
semia and death delayed following subsequent complete nephrectomy, but 
even the rise in N.P.N. is greatly inhibited,°* though apparently on certain 

diets only.1*" 


A delay in the rise of blood-K and blood-N.P.N. undoubtedly plays an 
important réle in the anti-uremic effect of DCA, but it is very doubtful 
whether one should ascribe these effects to an increased stress resistance rather 
than to specific hormone-actions. 


In fasting partially hepatectomized rats the usual hemoconcentration, hypo- 
chloremia and hypoglycemia are inhibited by cortical extract. After complete 
hepatectomy, however, the hypoglycemia is not delayed by such treatment. 
Apparently the cortical hormone does not inhibit the utilization of circulating 
sugar but acts mainly by increasing hepatic gluconeogenesis. Here again the 
beneficial effect of the corticoid cannot be ascribed merely to a rise in non- 
specific resistance, but rather to its specific influence upon sugar metabolism 
which is always deranged after partial hepatectomy.® The resistance of the 
rat to burns is greatly diminished by partial hepatectomy.1*"* 

In summarizing the large number of publications cited above, a few of the 
most striking facts should be re-emphasized. There is no doubt about the 
possibility of raising resistance to various damaging agents, in adrenalec- 
tomized animals and frankly hypocorticoid patients with cortical extracts. 
DCA and other purified cortical steroids. Yet, in comparison with the 
adrenal-deficient, the benefit derived from corticoid-therapy by intact animals 
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and man is very small. In numerous types of stress no benefit could be 
detected. The literature contains many most encouraging reports, but this is 
deceiving since negative findings are often not reported so that mere statistical 
evaluation of the published facts would give an erroneously favourable 
impression. Our experiments convinced us that under certain circumstances 
at least, gluco-corticoids can be beneficial in raising the resistance of intact 
animals t« 1uma, cold and drugs, but the improvement so obtained is rather 
slight. 

The hor of the adrenal cortex are undoubtedly most important for 
resistance to systemic stress. This is clearly shown by the great stress- 
sensitivity drenalectomized animals and the facility with which their 
resistance is restored — proportionately to the dose — by corticoids. On 
the other hand. the adrenal-cortex appears to be very effective in producing 
as much corticoid as is desirable; hence, lack of corticoids is perhaps rarely 
an important. limiting factor of resistance in conditions of grave systemic 
stress. The most consistently beneficial results of corticoid therapy have been 
seen in those conditions in which an overwhelming systemic stress led to 
hemorrhages or necrosis of the adrenals (e.g., diphtheria, Waterhouse- 
Friderichsen syndrome). Here the endogenous production of corticoids was 
probably no longer maintained on the high level necessary for optimal stress- 
resistance. 


Finally, it must be pointed out that not all types of protection afforded by 
cortical hormones are necessarily the result of an increase in non-specific 
resistance. Thus the beneficial effect of corticoids in uremia, potassium- 
intoxication, insulin-shock, and perhaps also in water-intoxication, are probably 
— in part or entirely — due to the specific actions of these steroids upon 
electrolyte-, water- and carbohydrate metabolism respectively. 


Kidney. — It has been claimed that “the renal pressor system has no 
influence on either mortality or survival time in burn shock". Nephrec- 
tomized dogs proved less resistant to scalds than intact animals, but dogs 
with bilateral ureter ligatures were no more resistant than the nephrec- 
tomized. Hence, their diminished resistance was ascribed to uremia.’ It must 
be remembered, however, that occlusion of the ureters damages both the 
excretory and the endocrine activities of the kidney. 

In dogs, complete ligature of both renal arteries causes a more rapid rise 
in blood-N.P.N., resulting in death, than bilateral nephrectomy. This 
difference was ascribed to the liberation, from the anoxemic kidney, of 
substances (RPS?) which allegedly stimulate protein-catabolism. Accordingly, 
pretreatment with low-protein diets prolonged the survival-time and delayed 
death from uremia. This was noted both after complete nephrectomy and 
after ligature of the renal arteries.1° It will be recalled that the damaging 
effect of the “endocrine kidney” operation is not influenced by the protein 
content of the diet,!®? but perhaps here, the production of RPS i 2 
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an plays an important réle in the resistance to aan 
infections (e-J-, bartonella muris), but its possible Betetpation me tain 
specific defense phenomena of the ebb ba not yet een elucidateg ™ 

Interestingly the survival of mice subjected to intense 


Undoubtedly this org 


x “Irradiation jl 
i 


improved if their spleens are exteriorized and a 7 : protective ee 
box during exposure. However, here we are en ably dealing with a rather 
specific action, since X-rays exhibit a particularly pronoun: d detrimentaj 
effect upon the blood-clotting mechanism and hemopoiesis, both of which pes 


largely under splenic control (cf. chapter: Hemopoietic systein). 


Other hormones. — Testosterone-propionate has been recommended in 
shock due to intestinal obstruction or burns 168 but its efticacy is rather 


limited and perhaps largely due to the anabolic properties of this compound 
Its alleged utility in the uremic form of cholera has been ascribed to ie 
specific renotrophic action of this testoid.'*" 

Pretreatment with folliculoids improves the survival rate o! mice subse. 
quently subjected to x-irradiation. This beneficial effect — like the yas! 


pholytic action of folliculoids — is independent of the adrenals. Perhaps the 
folliculoids render hemopoietic tissues more resistant to x-rays, because their 
initial disintegration is followed by a proliferation which counteracts the 
toxicity of the radiation.1°™ 

Thyroid-hormone-pretreatment greatly facilitates the production of tray- 
matic and hemorrhagic shock in dogs,!°* probably because the hormone 
increases the metabolic level and hence augments tissue-breakdown during 
the catabolic stage. 

It is presumably for similar reasons that thyroid-hormone increases, while 
the thioureas decrease resistance to cold. To withstand this particular 
stressor, a high B.M.R. and an increased heat-production are advantageous. 
However, the fact that goitrogens (or thyroidectomy) usually cause some 
degree of adreno-cortical involution may also be involved in this diminished 
resistance to cold. 

The often fatal convulsions produced by the ringing of a bell in the so- 
; called “‘sonogenic” strains of mice, are inhibited by thiouracil.'" This may 
fy be due to a depression of nervous functions, which diminishes the stressor 
effect of sound. 


All these observations suggest that effects of hyper- and hypothyroidism 
upon the G-A-S differ depending upon the alarming stimulus used to elicit it. 


Temperature. — The surrounding temperature has an important influence 
upon the course of the G-A-S. We have already mentioned that extreme 
cold or heat can in itself act as potent systemic stressors. We also learned 
that, in the event of simultaneous application, the systemic stress-effect of 
different alarming stimuli is summated. It is understandable therefore that 
exposure to cold is very detrimental, especially during the period of shock 
when thermo-regulation is defective. It is for this reason that patients im 
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shock must be kept warm. Overheating, by excessive application of blankets, 
etc., should be avoided, however, since heat likewise causes additional sys- 
temic stress, especially when temperature-regulation is impaired.’”! 

These recommendations are mainly based upon clinical experience, but 


they have been onfirmed in many animal experiments. In pertinent investiga~ 
tions specifically designed to study the A-R, it was pointed out that the 
maintenanc< 1 normal body-temperature is especially effective in preventing 


manifestations of systemic stress following high spinal-cord transection, which 


tends to « n unusually pronounced hypothermia. The A-R-changes 
elicited by ldehyde-injections — though also accompanied by some 
hypothermi ire not effectively prevented by raising the room tem- 
perature." 

Nervous system. — The importance of the nervous-system in the etiology 


of traumatic 
that afferent nex 
in the causation 


k has long been recognized.1"* Convincing evidence shows 
ous impulses from a traumatized limb play an important réle 
of shock.’ For instance, following trauma to an extremity 


disconnected from the body except for the main nerve-trunks, shock can still 
occur.** Conversely the severe drop in blood-pressure caused by trauma 
to the hind-limbs can be prevented by preliminary transection of the lumbar 
spinal-cord.'*" Survival following trauma is improved in dogs by previous 


deafferentation of the injured limbs.1* The shock caused by burns is 
likewise greatly diminished after spinal-cord transection.’77 Spinal anesthesia 
has therefore been recommended as a means of preventing shock following 
trauma to the lower limbs in man.1*8 The utility of morphine '™ in severely 
injured patients is probably also due to the elimination of excessive afferent 
impulses. The entire concept of “anoci-association’” *° (cf. Glossary) is 
based upon the observation that surgical operations are much better tolerated 
if the accompanying nerve-damage is minimized. As we have stated before, 
nervous and emotional stimuli are in themselves very potent systemic stressors, 
hence it is understandable that, whatever other agent is operative in causing 
systemic stress (trauma, hemorrhage, etc.), additional, intense nervous stimuli 
can aggravate the condition, (Cf. also p. 92.) 

Conversely, the nervous system also plays a prominent réle in the defense 
against alarming stimuli. The importance of adrenaline ** and sympathin- 
discharge during systemic stress has already been mentioned.1** It is also 
noteworthy in this connection that complete sympathectomy greatly decreases 
the resistance of dogs to such alarming stimuli as histamine, acetylcholine or 
peptone.'8 Sympathectomized cats readily succumb to heat or cold ‘** and 
are abnormally sensitive to the damaging actions of excessive muscular 
exercise,!8*> hemorrhage,!** and anoxia.'** Some of the most striking man- 
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shock may actually be inhibited by total « 
1 preferential blood-shift to the vital organs - Pa. 
Cart, 


that other orgams are not as severely 
in intact animals,18s “(cp ved 


ifestations of hemorrhagic 
thectomy because the oie 
i r occur 
peice Be a diet occurs sooner than an 
Cardiovascular system.) | ‘ 
Cocainization of one carotid sinus allegedly raises resistance against prim 
traumatic shock,’*™ presumably due to inhibition of the depressor mechani 


logic agents exert such a prono 

Drugs. — Only few pharmaco uncadil 

upon a course of the G-A-S that they deserve special « snsideration 
Intravenous fluid administration has become a routine procedure a 

prophylaxis and treatment of shock 189 and numerous investigators dtscting| 


the relative merits of blood- or serum-transfusion and the intravenous injer 
tion of solutions containing osmotically active colloids (such as ining i 
acacia, polyvinylpyrrolidone, gelatin), sodium chloride, glucose, etc,190 The 
efficacy of this therapy is mainly based upon the maintenance of a normal 
blood-volume by raising the fluid-content and the osmotic pressure within 
the vascular bed. However, glucose, as a source of readily available energy 
and sodium, because of its specific pharmacologic properties appear to have 
special functions in this connection, apart from their osmotic effects. The 
therapeutic value of blood or plasma is so much greater than that of most other 
transfusion-fluids that it can hardly be explained entirely by its colloid-osmotic 
effect. Some workers believe that during stress the blood may become depleted 
in certain labile substances and that only blood- or plasma-transfusions can 
restore these.!®! (Cf. also deficiency-theory of shock: p. 93.) 


Sodium salts administered intravenously or even orally, suitably diluted 
in water, have also given considerably better protection against various types 
of stress (e.g., trauma, heat, burns, hemorrhage) than could be accounted for 
merely by their osmotic pressure. Whenever possible, it is best to administer 
Na in the form of slowly dissolving non-irritating salt-tablets, specially prepared 
for this purpose.!92 Apparently here the Na-ion plays a specific effect.’ 
NaCl also proved beneficial in protecting rats against such typical alarming 
stimuli as colchicine and iodoacetate.1™ Perhaps the corticoids help to make 
sodium available to those structures that require it during stress. 


Sodium succinate injected intravenously is claimed to bring about consider- 
able improvement in the condition of dogs in tourniquet-shock. “This may 
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indicate a definite disturbance in the earlier stages of carbohydrate break- 
down” since glucose is not equally effective. Sodium lactate proved to be 
beneficial in burn-shock,1%* 


Antipyretic drugs (e.g., quinine) have been highly recommended as ad- 


juvants in the treatment of various diseases causing pronounced catabolism 
(e.g., typhoid fever, tuberculosis). Although these compounds diminish pha- 
gocytosis and the antibody-titer, they are allegedly beneficial because they 
decrease the metabolic rate and impede exaggerated defense-reactions against 
the causative pathogenic agents. 

Certain autonomic drugs, for instance, adrenergic blocking agents, such as 
dibenamin« ten the survival of rats in tourniquet-shock,1 while the same 
drug alleg exerts a marked protective effect in mice in which an A-R is 
produced by colchicine. 

Since endogenous adrenaline discharge was believed to play an important 
réle in the response of the adrenals and the thymico-lymphatic apparatus 
during the A-R, it is noteworthy that in these latter experiments ‘‘the histological 
changes of the alarm reaction in the thymus and the adrenals provoked by 


epinephrine were reversed by dibenamine but those provoked by colchicine 
were not’’.**° 

Allegedly, in the dog, dibenamine decreases the incidence of irreversible 
shock after extensive hemorrhage or trauma. This is apparently due to inhibi- 
tion of excessive vasoconstriction during the later stages of shock." Conversely, 
experiments with the sympathetic-blocking agent ergotamine, showed that the 
resistance of cats to hemorrhage is just as markedly diminished by this drug 
as by total sympathectomy.*”° Apparently, in the early stages of the shock- 
phase, adrenergic peripheral vasoconstriction is useful because it helps to 
shift blood to vital organs (brain, heart, lung); later, however, when tissue- 
anoxia becomes severe, this excessive vasoconstriction may expedite the onset 
of the “irreversible shock" due to the general, anoxic tissue-damage. Thus 
sympathectomy and sympatholytics may be helpful or detrimental, depending 
upon experimental conditions (cf. p. 75). 

Attempts to increase the resistance of rats during tourniquet-shock and of 
dogs after severe burns, by pretreatment with benadryl yielded no definitely 
conclusive results.2°: Under certain experimental conditions TEA appears to 
improve the prognosis in dogs subjected to hemorrhagic shock,** but the 
underlying mechanism is not quite clear. 

Remarkable beneficial results were allegedly obtained in the treatment of 
experimental shock, in dogs, by cholinesterase. Unfortunately, in this series, 
no recovery experiments were done, all animals being killed after about six 
hours. However, it would be very desirable to repeat and extend these observa- 
tions, since they not only hold therapeutic promise, but are also likely to shed 
light upon the participation of the vegetative nervous system in various systemic 
stress-phenomena.?™ - 
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A i istic of the shock-phase 2 

: tory failure characteris k-phase 204 
by the peripheral circula mitigates the effect. n 
the other hand the claim that cytochrome Cc gates the ects of anoxia 


could not be substantiated.°°"* 
Diet. — The diet also plays a very important réle in determining a 
“of the G-A-S. This will be discussed in more detail «hen we dessa 


course of th : : ae ’ 
-changes (nephrosclerosis, periarteritis nodosa, adrenal] Cortical 


those organ D3 i 
hypertrophy, myocarditis, etc.) whose development, unde: he influence 7 
systemic stress, is conditional upon dietary factors, especially Protein ang 


sodium (cf. Hypophysis, Adrenal, Kidney, Cardiovascular system). Here we 
shall review only those nutritional influences which may affect resistance 
in general, 

We have repeatedly emphasized that fasting greatly increases the stressor 
effect of most alarming stimuli.” This is presumably due to the aggravation 
of tissue-catabolism during the G-A-S by withholding exogenous sources of 
energy. Anoxia appears to be an exception to this rule, inasmuch as prolonged 
starvation tends to raise resistance to the stress of oxygen want in the 
rat.2%° However, after a short fast (12 to 24 hours) resistance to anoxia jg 
markedly decreased; starvation must be prolonged to 48-96 hours before a 
rise in resistance is obtained. Since starvation in itself is an effective alarming 
stimulus and within 48-96 hours produces pronounced counter-shock phen- 
omena with hyperglycemia, the rise in resistance to anoxia at this time might 
well be an example of “crossed resistance’’.*"" In the guinea-pig papain-shock 
and anaphylactic-shock are also attenuated by fasting.*”* This is apparently 
in agreement with the above interpretation since anaphylactic and anaphylac- 
toid reactions are known to be particularly well inhibited by ‘‘crossed 
resistance” elicited by any alarming stimulus (cf. p. 55). 

Experiments concerning the influence of the dietary fat and carbohydrate 
upon the ability of rats to adapt themselves to extremes of temperature led to 
the following conclusion; “‘a diet rich in fats is decidedly superior to one rich 
in carbohydrates (both diets being equicaloric and equivitaminic) for adap- 
tation and resistance to cold on the part of the animals, and that a diet rich in 

carbohydrates and poor in fats is much more favorable than one rich in fats 
for conferring resistance to heat’’.2 

It certainly depends upon the quality of the stressor whether high- or low- 
carbohydrate-diets will best help resistance against it. Some stressors ale 
Predominantly glucoclastic” (e.g., acute starvation, exercise, insulin, phlorid- 
zin), others ‘‘proteoclastic” (e.g., chronic starvation, ionizing radiations, 
hemorrhage, vesicants) and the diet should be adapted to special requirements. — 
In general a very acute demand for energy is met by carbohydrate combustion 
a certain readily utilizable high-carbohydrate foods, e.g., “energetikum 
30 gm. dextrose, 30 gm, levulose and 20 gm. ethyl alcohol), have been recom” 
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mended to combat the stress of acute muscular fatigue, sepsis, hepatic insuf- 
ficiency, etc.**° 


Observations in rats in which traumatic shock was produced by the Noble- 
Collip drum showed that protein-deficient diets decrease resistance to this 
type of stress, while the addition of gelatin to such diets exerts a definite 
protective action.*!" The importance of adequate nitrogen intake during 
recovery from trauma is one of the principal indications for the use of 
parenteral alimentation in surgery.*12 However, extensive clinical studies led 
to the conclusion that diets rich in calories and protein do “...not seem 
advantageous during the catabolic phase following a burn, even though the 
nitrogen deficit can, at times, be minimized. In fact, such therapy seems to 
be harmful when given during the first week or two” .2!8 

Systematic experiments on rats suggest that certain amino-acids, particularly 
methionine, exert a highly beneficial effect in combatting burn-shock in rats, 
but only if treatment is begun before the thermal injury.2* (Cf. Protein 
Metabolism. ) 

Special attention has been given to the possible réle of ascorbic-acid in 


adaptation and the development of the G-A-S. Experiments on the rat (a 
species not dependent upon exogenous ascorbic-acid since it can synthetize 
this vitamin) revealed that during exposure to cold the ascorbic-acid content 
of the tissues (liver, kidney, testes) increases by about 50%. This was 
regarded as a physiologic response during adaptation to cold, especially 
since rats which failed to resist, and died in the cold, had a very Jow 
ascorbic-acid content.*" Accordingly, the length of survival, in rats chronically 
exposed to cold, could be markedly prolonged by ascorbic-acid-treatment.2"® 

In guinea-pigs (which depend upon exogenous ascorbic-acid since they 
cannot synthetize it) cold-tolerance is actually proportional to the daily intake 
of ascorbic-acid. Furthermore, excessive amounts of ascorbic-acid are re- 
tained in the tissues of guinea-pigs exposed to low temperatures and the 
resulting ascorbic-acid-level in various tissues — especially in the adrenals 
— parallels the degree of their adaptability to cold.2!7 

In man, however, administration of excess ascorbic-acid failed to raise 
the ability to withstand repeated exposures to cold.218 

Resistance of guinea-pigs to hemorrhagic shock can be raised by ascorbic- 
acid *! especially upon intravenous or intraperitoneal administration, if the 
vitamin is given before irreversibility to transfusion had been established. 
Curiously, oral administration of this vitamin proved ineffective.22° 

It has also been claimed that ascorbic-acid increases the resistance of 
guinea-pigs to anaphylactic shock **1 and of guinea-pigs, rats and mice to 
traumatic shock.?”? In clinical medicine, ascorbic-acid has been recommended 
for the prophylaxis of surgical shock.222* 
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: : . * eficiency, appears in rats 

Acrodynia, a sign of pao Sa ai “ 

than at comfortable tempera ur aa 

d that susceptibility to the latter may depen upon the Pyrido,. 8 
suggeste he body and that pyridoxine could be of value in the . Xing, 
Rescuyes in eo : ae tly, the x-ray resistance of mice alleged] = 
of chilblains.*** Significantly, Jealy tis 
pyridoxine administration.?** ; . 

It has been stated that thiamine deficiency ons hastens the appe 
ance of edema and sciatic-nerve degeneration after immersion of the eae 
cold water.2%> The data in this report do not show whether the more ra a 
appearance of deficiency symptoms was caused directly, by exposure 5 
cold, or indirectly, through increased consumption of the deficient diet, Oth : 
observations indicate that the minimum Requivement of thiamine tents » 
increase parallel with the surrounding temperature.** ) 

Observations in man failed to reveal any improvement in cold tolerang 
following excessive administration of thiamine, riboflavin and nicotinic. 
acid.227 On the other hand, the resistance of rats to anoxia is allegedly much 
increased by nicotinic-acid or its amide.??8 

Considerable attention has been given to the effect of “vitamin-P substances” 
of the flavonoid series in combatting the damage caused by ionizing radia. 
tions, especially because these compounds diminish capillary fragility. |p 
dogs to which the flavonol-glucoside “rutin” was given, it not only reduced 
the hemorrhagic diathesis, normally produced by single-dose total-body- 
irradiation, but also considerably decreased mortality. Since here the contro} 
of purpura was achieved in spite of thrombocytopenia and other typical 
manifestations of x-ray damage, it has been suggested that rutin either 

decreases vascular disintegration or promotes its repair.?*° Essentially similar, 

beneficial results were obtained in guinea-pigs with a flavonoid preparation 

derived from lemons.?°. However, other experiments led to the conclusion 

that “...rutin in the doses used was of no value in improving the survival 

of mice. The data presented suggest that rutin may have been harmful 

inasmuch as all rutin-treated groups died at a significantly faster rate’. 

Perhaps some of the apparent contradictions in these reports are due to 

the use of different animal-species and variable experimental conditions. The 

activity of “vitamin-P substances” largely depends upon the simultaneous 

availability of vitamin-C, which only some species can synthesize. Subse- 

quent systematic studies, with a large group of flavonoids, showed that 

; resistance to single-dose, total-body x-irradiation is significantly increased 

by rutin, hesperidin, epimerized d-catachin, homoeriodictyol and morin. 

These substances exhibit increasing activity in the order mentioned. Several 

other flavonoids proved to be inert. However, ascorbic-acid, which in itself 

was of no value, endowed certain inactive flavonoids (e.g., quercitin) with a 

effect. It is suggested that “previous misunderstanding of the — 

e of vitamin-P has arisen from both the failure to recognize that several 

analogues possess very similar anti-hemorrhagic activity and that 

acid has the capacity to potentiate activity in other flavonones - — 
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Incidentally, this same study revealed that potent hyaluronidase inhibitors, 
such as dopa and sodium-gentisate, fail to influence the course of irradiation- 
disease in dogs. Hence, it was assumed, in contradiction to some earlier 
workers, that hyaluronidase “plays little or no réle in the evolution of this 
disorder”’.7°* 


“Vitamin-P-substances” have also been claimed to increase resistance 


against anoxia in mice. This is due to the fact that they inhibit the hemor- 
rhagic lung-edema which is usually the cause of death from acute, intense 
oxygen lack. This inhibitory effect has actually been used as a basis for the 
bioassay of ‘vitamin-P’,?%? but a number of other substances, not known to 
have any specific effect upon capillary fragility (e.g., propylene-glycol, 
ethylene-glycol, ethyl-alcohol, glucose), give similar results. Hence, the 
test cannot be regarded as specific for “vitamin-P” 224 As we shall see later, it 
is a typical characteristic of the A-R to inhibit acute, hemorrhagic pulmonary 
edema produced in various ways. This appears to be one example of the 
“defocusing’ of highly specific reactions by systemic stress. It is possible 
that the above substances which give a positive reaction in this test also do 
so because they produce an A-R (cf. also: Lung, Cardiovascular system). 


The x-ray-tolerance of mice is allegedly increased by folic acid,2*° but this 
requires confirmation. 

Available data, concerning the possibility of raising resistance to systemic 
stress by vitamins, in amounts exceeding the minimum daily maintenance 
dose, failed to give any clear-cut and uniform results. However, some experi- 
ments — especially those with ascorbic-acid — are sufficiently encouraging to 
warrant further work along these lines. 


Other factors. — The important influence which weather and climate exert 
upon the response of the body to stress, has been the subject of much study. 
The possibility has been considered that climatic factors may themselves 
act as alarming stimuli and thus influence adaptability through the G-A-S and 
particularly the adrenals.?°* Since climate and weather are very complex 
stimuli, their objective, scientific analysis is difficult, but this should not dis- 
courage our efforts to elucidate their, certainly far-reaching, influence upon 
physiologic and pathologic life. 

The sex of the individual likewise influences the course of the G-A-S. 
In most animal species, the male has a smaller adrenal than the female and 
testoids decrease, while folliculoids increase, adrenal-size.**7 Correspondingly, 
during exposure to systemic stress, adrenal enlargement and thymico-lymphatic 
involution are more pronounced than in the female.?** Furthermore, testoid- 
administration inhibits the adrenal response during the G-A-S (cf. chapter on 
adrenals, below). The importance of these sex-differences has not been 
fully elucidated, but perhaps many of the examples of low resistance, hitherto 
vaguely ascribed to “maleness’**® could profitably be reconsidered from 
this point of view. 


The age of the animal has a most important bearing 
which it develops a G-A-S. During the first few « m 
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responds poorly to stress although it is normally sensitiv € to ACTH 25, 
the first two weeks of age, however, young, growing animals, ©XPoseq fte, 
temic stress, develop an A-R very readily and exhibit particularly to Sys, 
catabolic phenomena and adrenal-cortical enlargement.?*” Perhaps the Markey 
from anabolism to catabolism, occasioned by systemic stressor a chang, 
especially damaging at an age when the growth-impulse of the ses. is 
normally maximal. Conversely, young animals are more efficient than is 
acquiring adaptation to new types of stressors and in m ‘intaining it Old in 
long time. This may be due to the gradual loss of “adaptation energy” for 
course of aging. Interestingly, rats continuously exposed ¢. varigng sa the 
agents (continuous nervous irritation, heat, thyroid-extract) ‘‘a}] ha ann 
a 


with low tensility, resembling that of older animals” .**! 
Whatever the explanation, these experimental observations are Singul] 
reminiscent of the excessive responses to stress (e.g., high fever, hallueinsye) 
weight-loss, dehydration) during acute infections and intoxic ations in fuho 
as compared to adults. We have repeatedly emphasized the many simila ren 
between the stages of alarm, resistance and exhaustion, on the one Fh 
and infancy, adulthood and senility on the other. ant 
All the pertinent observations can perhaps best be expressed as follo 
The very young organism is still unadapted to most things it meets witie 
life and hence reacts violently to them, but it rapidly acquires and mania 
adaptation to almost any change. Conversely, the adult has already acct 
adaptation to most of the stimuli he is likely to encounter and has become 
resistant to them, but gradually the power of learning how to meet new 
situations or to withstand fatigue during long-continued stress is lost. Then 
in senility, all types of adaptive reactions break down. 
In Tetrospect, it is remarkable how generally these rules, derived from 
animal-experimentation, are applicable to various aspects of human life 
including both physical (trauma, infections, intoxications, etc.) and psychic 
(intellectual and emotional) stress-situations. 


Resistance Diseases of Adaptation 


This chapter will deal with diseases apparently due to derangements of 
the adaptive mechanism, whose principal manifestation is a failure of resistance 
in general. We shall not attempt to make the list complete — this would be 
futile since any stressor can eventually cause exhaustion with a breakdown of 
resistance — it will suffice to select a few particularly striking examples of 
this group to illustrate how they fit into the G-A-S concept. 


a oe aa ee “ following Paragraphs it will be our task to consider shock 
le om cae : aptation. But what is shock? This fundamental question 
Se anes y SO many investigators, so often and in so many different 
Pe a wiv gts volume of the resulting literature became a major handicap 
fasillingtey et Pag eae investigator can expect to acquire an adequate 
fies eset te au fhe intricate aspects of the shock-problem which havé 
wane f malevsaise Papers and, hence, their complete integration into 4 

9. cept has actually never been attempted. It throws a truly devastating 
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light upon the lack of common sense with which certain medical problems 
are approached, to realize that so many workers attempted to “explain” shock 
without attempting to crystallize in their minds what they meant by this term. 

As we said in the introductory section (cf. Definitions), usually one or the 
other sign of the shock-syndrome was singled out as its basic feature and then 


s defined as being characterized by this manifestation (e.g. 
ypotension, hemoconcentration). Yet, it is admitted that any one 


the condition 
prostration 


of these signs may be manifest although there is no shock, and conversely, 
that shock develop in the absence of one or the other of these signs. 
It has also been claimed that shock is due to the failure of a certain organ 


(e.g., the liver, adrenals, heart, vessels, kidney) yet, a condition which 


according current concepts qualifies as shock can develop in a heart-lung 
preparation. the perfused hind legs of a frog, an isolated blood-vessel strip, 
or even a single cell 

A loss of the selective permeability of capillary and cell-membranes in the 
sense of a ‘‘serous inflammation”, is certainly a characteristic feature, probably 
the most characteristic feature of shock, but it is only one manifestation of 


the phenomenon, not its cause. The membranes lose their ability to maintain 
the characteristic individuality of the biologic units which they delimit (e.g., 
the cells of tissues or the circulating blood from intercellular fluid), because 
they are no longer able to retain or absorb certain substances selectively. 
However, to state this is merely another way to say that partial death, 
“necrobiosis’’, has set in. 

We therefore prefer to consider shock merely as a condition of suddenly 
developing intense systemic damage, in other words an acute, generalized 
“necrobiosis’. For the rational of this formulation, we refer the reader to the 
section ‘definitions’. Let us merely add here that the word “systemic” should 
in the present instance be interpreted as generalized to whatever system is under 
consideration . This is not necessarily the organism as a whole but may be a 
perfused organ or even a single cell. It has empirically become an inherent 
part of the shock-concept that it must involve the whole of a biologic unit; 
injuries strictly localized to one part of an organism, a single organ or a single 
cell, are not so designated unless they secondarily lead to generalized damage 
involving the entire unit. 

The most important conclusions to be derived from such considerations are: 
(1) that any number of qualitatively quite distinct derangements can lead to 
shock, hence it would be futile to search for a single pathogenic mechanism; 
(2) shock is a phenomenon of generalized necrobiosis always involving a 
biologic unit in its entirety; (3) empirically we have come to consider only 
acute damage as shock, slowly progressing impairments (wasting, exhaustion) 
are not so designated. 

We realize that our definition of shock is rather broad and non-specific 
but this must be so, since shock is a non-specific phenomenon. 
Nevertheless, we feel that it will be instructive to revi ; 
important observations which led to the 
specific shock-theories. This will hel, 
shock; at the same time, it gi 
various theories are compa 
to review all these theorie 
the relevant literature. 
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; ‘ hs, keep in mind th: h 
ding the following paragraphs, ic 
cetiens 4 adenine the manifestations of shock are: why do «or *atey 


different agents lead to essentially the same syndrome and how ica Ps 
toa limited part of the body affect the entire organism. jury 
Some of the older theories of shock need not be discussed sine tz% 
been almost unanimously rejected by Bese iovestigator S. Suffice it to meng 
that, among other factors acapnia,”* acidosis,” fat embolism 2*4 agit conse 
of the hepatic vessels °° have been considered, more or less seri ously, ag es 
of pathogenic importance. Here we shall concentrate our attention cule ~~ 
those shock-theories which in our opinion deserve serious consideration. ‘ 
(1) Impaired circulation. — It is undoubtedly true that uring Shock the 
is usually a grave impairment of circulation. The patient is » Te 


ale because the 
arterioles of the skin and mucous membranes are consiricted, but ther, 
e 


develops an atony of the capillaries in internal organs which Causes se 


tration of much blood in the viscera and hence the circulating blood-volu 
and the blood-pressure drop.** “As a result of decreased filling of the heat 


the cardiac output is lowered to a level at which cardio-acceleration and vaso. 
constrictor reflex no longer compensate and the blood-pressure falls. This 
classical concept still holds true but as a result of much research, it has under. 
gone modification .. .".24° Indeed, one of the much quoted definitions of shock 
claims it to be “a circulatory deficiency, neither cardiac nor vasomotor in 
origin, characterized by decreased blood-volume, decreased cardiac output 
(reduced volume flow) and by increased concentration of the blood.”’247 Yet, 
this definition is hardly valid in every case; for instance, it excludes spinal 
shock, which is generally considered to result from vasomotor paralysis and 
yet leads to the typical morphologic and chemical changes characteristic of 
shock.*48 It also fails to account for shock resulting from excessive muscular 
exercise, which is often accompanied by hemodilution.29 


In experiments with the “heart-lung-dog preparation”, venous flow and 
cardiac output are controlled and the total peripheral resistance can be 
calculated under these conditions, “shock can develop without progressive 
reduction or even with a rise of venous pressure or cardiac output and it 
cannot be prevented or cured by increasing venous inflow or cardiac output’. 
In this preparation a fulminant, irreversible shock develops spontaneously due 
to “a pronounced decrease in total peripheral resistance, which enabled the 
animal to store, over and above its own blood-volume, quantities of blood 
equal to 25% of its body-weight or four times its own blood-volume. Autopsies 
revealed no storage depots other than the mucosa of the upper intestine. 
which was always edematous, intensely congested and often hemorrhagic.” 


Although cardiac output at equivalent venous pressures also decreased, indicat- 4 


ing that depression of the myocardium occurred; this was not an initiating 
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factor nor was it necessary to produce an irreversible state. Observations 
on dogs in which shock was induced by burns also showed that capillary 
atony. especially in the visceral organs, occurs rapidly (within one minute) 
and it was ted that “this is therefore the primary disturbance and is not 
secondary to anoxia, nor is it terminal’?! There may also be very severe 
cardiac lesions in burn-shock, but the claim that these play an important réle 
in the resulting systemic stress 252 js yet to be proven. 

As shock progresses, the initially accelerated pulse tends to become extremely 
slow and the blood-pressure, which at first was maintained, suddenly falls; 
simultaneously, there is vasodilatation in the arterioles of the skeletal mus- 
culature. Th changes were ascribed to a ‘vaso-vagal reaction”, especially 
since the peripheral vasodilatation can be abolished in the forearm muscles 
by blocking the main nerves at the bend of the elbow, which suggests that 
it is mediated by autonomic nerves.2%3 

Eventuaily shock becomes irreversible because the vessels no longer respond 
to vasopressor agents or any other therapeutic procedure.2* In cases of severe 
experimental shock “transfusions of blood or plasma no longer suffice to save 


life, even though the corpuscle count is kept at a normal or reduced level and 

all indications point to normal or increased blood-volume together with 

adequate propulsion of the blood. Theories which regard these as the deter- 

mining factors in shock are thus invalidated” .2> However, it must be kept in 

mind that even when shock reaches this otherwise “irreversible” stage, for 

instance in dogs with hemorrhage, recovery can still be accomplished, by 
separate vivi-perfusion of the liver through cross circulation with a healthy 
donor dog. From such observations it has been concluded: ‘(1) that liver 
damage is intimately related to the collapse of the peripheral vascular 
mechanism in advanced hemorrhagic shock, (2) that restoration of the 
integrity of the liver is necessary for recovery of function of the peripheral 
vascular system in advanced hemorrhagic shock, and (3) that restoration of 
this aspect of liver function can be accomplished by providing adequate 
blood-flow from a donor dog to the liver, even after ‘irreversibility’ to trans- 
fusion has been demonstrated”’.2°5* 

(2) Dehydration and hemoconcentration. — This theory is closely related to 
that mentioned above. It is based on the assumption that the symptoms of 
shock are primarily due to dehydration. This allegedly results from increased 
capillary permeability with consequent loss of plasma, especially into the 
directly damaged area. Indeed a decrease in blood-volume was considered 
to be so obviously the basic feature that it has been proposed to substitute the 
term “exemia’ for shock.257 However, this conclusion was largely based upon 
investigations with methods for the measurement of blood-volume and capil- 
lary permeability which have since been found to be unreliable. A recent 
review criticized the errors involved in the old techniques and after ng 
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the observations made with allegedly unassailable methods Stated tha 
is “overwhelming evidence against the concept of generalized A ther 
leakage” during shock.”* Pilly 
On the other hand, there is no doubt that increased capillary teat 
always demonstrable at the site of injury. Sometimes the reduction a : 
volume can be accounted for by such fluid-loss into the directly 


Elsewhere in the body, fluid may be even simultaneous] ibsorbed ints 


blood. Of course, if the damaging agent directly affect large papas the 
body (e.g., peritoneal injuries, septicemias) widespread capillary inane the 
leakage will ensue but this is not a prerequisite for the dev clopment of A and 
since it does not occur in other cases.**® Although the loca! fluid-losg Shock 
site of injury is usually not of sufficient magnitude to account {or all the chat 

es 


observed,2“° in certain conditions it can be a major factor, for instance. 
extensive burns, where plasma-leakage from the wound surface jg eoried - 
able.*! The same is true of “dehydration-shock”, which is produced 
experimental animals by subcutaneous injections of hypertonic NaCl-solutj _ 
Since here the local fluid-accumulation is poor in protein, the protein-loge 
itself is not of major importance.?"" ee 

Certain investigators do not entirely subscribe either to the dehydration 
to the toxic theory of shock and assume that both fluid-loss and the toxic fed 
are probably involved.*°* While this is true, there is no doubt that in eine 
instances many more factors play equally important réles in the pathogenesis 
of shock. 

The categorical denial of a generalized capillary leakage during shock —~ 
though accepted by some of the most prominent authorities in this field 2% _ 
should be qualified. What the observations actually showed was merely that 
following a local damage, in man and certain shock-sensitive animals, the 
clinical manifestations of the shock-syndrome can develop without there being 
generalized capillary leakage. Even death from shock may ensue before 
capillary permeability is noticeably augmented at a distance from the direct 
injury. Our observations on relatively shock-insensitive animals (e.g., the 
rat) showed, however, that localized lesions (circumscribed trauma, spinal- 
cord transection) or stressors not involving any local tissue injury at all 
(e.g., nervous stimuli, cold) can cause widespread and pronounced capillary 
leakage during the ensuing A-R. This is manifested by the formation of 
F edema, and sometimes even leucocytic infiltration or capillary hemorrhages 

in internal organs, especially the thymus, lymph-nodes, adrenals, hibernating 

gland and upper gastrointestinal tract. It will be noted that these are the 

ie A acutely affected by the A-R; hence, in a modified sense, we may 

a se 9 : . yeas damage as due to local injury, but it must be under- 

esha pli ds as iors of humoral or nervous mediation at a 

‘la ae ty insult. There are other examples of increase 

; oan RS Peet at sites not directly affected by the stressor agents 
“g., the formation of transudates in the large serous cavities, the tendency 
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towards the development of lung and brain edema. All these changes occur 
not only in experimental animals but even in man during the A-R, though they 
are not necessary prerequisites for the development of shock in the surgeons’ 
sense of this term. 

A very slow and comparatively circumscribed capillary leakage at a distance 
from the direct injury is not detectable with current (e.g., dye methods or radio- 
active protein) techniques. Nevertheless it could have a most important 
influence upon the course of disease, for instance, in the case of slowly 
progressing 1in- or lung-edema. We insist upon this point particularly 
because it ! been the subject of so much controversy in the literature and 
caused considerable confusion. 

To express our own opinion most succinctly, we may say that any systemic 
stressor can cause capillary leakage even in tissues which are not directly 
exposed to Indeed such capillary leakage is a characteristic feature of the 
shock-phase of the A-R, yet, it is not always manifest since shock and even 
death may cnsue before such capillary leakage could assume detectable 
proportions. 

(3) Endogenous intoxication. ~ The possibility has been discussed exten- 
sively that shock may be due to a systemic intoxication by endogenous metab- 
olites formed in the traumatized tissues themselves; 2° indeed the existence of 
such an auto-intoxication during secondary shock has been considered to be 


so characteristic as to justify the renaming of this condition as ‘‘histotox- 
icosis’’.*°° 

In general the evidence for or against this theory was derived from observa- 
tions made with three types of techniques: 

(A) It was noted that if the blood-circulation of a limb is temporarily 
obstructed (for instance in man, by heavy debris during a bombardment or in 
animals by temporary vessel-ligatures or tourniquets) shock develops only after 
release of the vessel-occlusion.*** This was taken to mean that during obstruction 
of the circulation, toxic metabolites accumulate in the limb, but these do not 
cause shock until they are allowed to enter the systemic circulation. The much 
discussed crush syndrome is also especially common among individuals who 
were partly buried under falling debris. Such patients remain in comparatively 
good condition until their compressed limbs are freed and circulation re-estab- 
lished (see below). 

This basic observation is definitely established; however, its interpretation in 
favor of the toxemia theory is debatable. It has been claimed that after release 
of the occlusion the pronounced loss of fluid into the damaged limb (due to a 
local increase in capillary permeability) causes hemoconcentration and a decrease 
in blood-volume, which in themselves suffice to cause shock. Another possibility 
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: i xemic limb consy 
is that the tissues of the temporarily anoxemic : uMe 5, 
Mi metabolite and thus induce shock due to deficiency (cf “deh tly 
theory below). Much emphasis has been placed upon the observation tetey 


immediately after release of the occlusion, the damaged limb is mildy if 
pressed (by bandage or a tightfitting cast) the onset of shock is dei Com, 
even prevented. This has also been taken to signify that loss of flyiq in, Ba: 
limb is normally the cause of post-occlusion shock, since mi oe Nto the 
does not abolish circulation through the limb and hence could not elim 

nai 


(B) Considerable work has also been done with various types of a 
circulation experiments. In these, either the entire shocked animal, or me 
a circumscribed directly injured part of the body, are connected by ra 
circulation with an otherwise intact recipient animal.*®* Here the ee r 
tissue of the donor is connected with the recipient only through the blade 
hence, the development of shock in the latter was again ascribed to bloot tes 
toxic substances. In experiments of this type the possibility of blood- or nies 
loss into the donor preparation can be checked, but it is not possible to exduda 
the utilization of vitally important substances by the traumatized tissue, Thus 
here again, positive results are equally compatible with the intoxication- and 
the deficiency-theories. 


(C) Probably the least assailable techniques used in the search for auto- 
intoxication-products are those in which the toxicity of tissues or blood taken 
from a shocked animal is assayed by injection into other animals.2°® However 
eet with this technique gave extremely variable and contradictory 
results. 


Adrenalectomized animals are notoriously sensitive to all types of toxic 
substances and unusually subject to shock. Hence, we tested the venous blood 
of a directly damaged extremity by injecting it into adrenalectomized mice. 
It was no more toxic than that coming from an intact limb.27° This observation 
makes it highly improbable that toxic substances produced by the directly 
injured tissue itself could play a major réle in the pathogenesis of traumatic 


‘In most of the above-mentioned investigati : 
identif gations, no specific attempt was made 
= sat ala nature of the hypothetical “shock-toxins”, since even their 
aechinage tend appeared to be highly dubious. Nevertheless, many data in the 
to incriminate certain metabolites as being mainly responsible 


for the development of the shock-synd 
acne rome. Among these, special attention 
_ has been given to histamine and histamine-like compounds in connection with 
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the pathogenesis of shock caused by trauma,” burns,2*2 cold,?** peptone.*™ 
incompatible blood transfusion,*"** snake-venoms,?™ bee venom,2** microbial 
toxins,2"* intestinal occlusion,?"* allergy,27* and numerous other stressors.7*? 

Under certain circumstances there appears to be an actual decrease in the 
histamine content of the blood during shock.?*! Yet, some investigators *** 
believe that in the final analysis it is nevertheless histamine liberation that 
initiates the A-R-syndrome although, under certain circumstances, increased 
histamine destruction may overcompensate for increased formation. We have 
also considered this possibility,*** but took care to emphasize that there is no 
irrefutable evidence to support it and that numerous other metabolites might 
be invoked with almost equal justification. Among these are the energy-yielding 
adenosine-derivatives, such as ADP and ATP,*** acetylcholine.** various toxic 
by-products o/ blood-clotting,"’ thromboplastic metabolites,*" certain incom- 
pletely identified vasoconstrictor substances,285 the leucotaxin and necrosin of 
Menkin,?* ctc. (Cf, literature on these metabolites under: Metabolism.) 

Some investigators rejected the histamine theory of the A-R, favoring the 
concept that pofassium may be the shock-producing metabolite,*® since “in all 


conditions given by Selye as suitable to produce the alarm-reaction, there is a 
rise in the concentration of potassium in the serum”’.?® Yet, it is possible to raise 
the serum-K without eliciting an A-R. Furthermore, animals with hypopotas- 
semia due to DCA-overdosage, are especially prone to develop shock.?™ 
Although the blood-potassium rises during shock, according to a critical 
reviewer of the pertinent literature “recent evidence fails to support earlier 
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claims that shock can be attributed to a rise in the blood-; 


otassium ] 
ane evel, 
is clearly a terminal event oe This 


It would not be profitable to discuss the pertinent literature in day 
the evidence concerning all these theories is extremely controversial, 4 Singg 
7 OF as we have said above, the very existence of a shock-toxin is yet to be mueed 
5 The above enumeration was meant only to remind the reader of the are TOVen 
; “+ which have been considered to be shock-mediating metabolites. Addnt’s 
i references will be found in the papers quoted here, as well as in another sete 
i (“Metabolism’, below) in which we shall examine the effect of the ction 
¥ upon the metabolism of these compounds quite apart from tiveir Possible she. 
¥ mediating réle. Ock. 
} A slightly different formulation of the “endogenous intoxication thes al 
Al postulates that the shock-mediators are endogenously produced during i 
® systemic stress, but not in the directly damaged region. Thus, it hagiiy e 
yy assumed that toxic substances, and perhaps even live micro-organisms (alee 
on are normally retained in the intestine by the lining epithelium which ig hie 
Es meable to them) may enter the circulation during the A-R. To defend 4 
di theory of enterogenic intoxication, it was pointed out that orally administered 
ri histamine and adrenaline are highly toxic to animals during the A-R, presumab| 
because they are absorbed from the gastrointestinal ulcer surfaces.29% ites 


estingly, anoxia is also claimed to increase the permeability of the gastrointestinal 
tract, thus predisposing, for instance, to food allergy.*** In the dog, the rapid 
development of clostridial infection during shock may also be due to invasion 
of the blood from the damaged gastrointestinal tract.2%° 


Absorption of toxic, digestive secretions from the intestine could likewise 
be involved. Thus, at least the shock due to intestinal obstruction is greatly 
alleviated if free elimination of pancreatic juice is insured by transplantation 
of the pancreatic ducts into a non-obstructed intestinal segment.2% 


Another form of endogenous intoxication, by metabolites produced at a 
distance from the original site of injury, ascribes shock to a derangement of the 
VEM-VDM system. Allegedly during shock the production of VDM (which 
originates mainly in the liver) greatly exceeds the secretion of VEM (by the 
kidney); since VDM renders the blood-vessels insensitive to vasoconstrictor 
stimuli, hypotension and shock ensues,297 


All these factors may play a réle in the pathogenesis of shock, but they 
are certainly not indispensable for its development. Obviously no substance 
originating from a tissue other than that directly exposed to injury could be 
the initiating factor. For example, even if we did accept that the gastrointestinal 
ria a liver, produce toxic metabolites we would still have to account for 
: ae aoa bend induces these organs to do so during shock following 4 
ase ye oH et us ek toa limb. The gastrointestinal or hepatic derangements 
Pr ier tia foe e due to impaired circulation and not to humoral media- 
+3, ~ aie es Faniiot explain why the circulation in these organs woul 

paired by a limited injury to a distant part of the body. 


Gregersen 9651. 
203 Selye 78052 38. Prinzmetal et al. B38230/44. 
204 Baker B659/44. 296 Bottin B37926/47. 
7° Aub B38226/44, B38227/44, 287 Shorr et al. 89011/45, B19255/48, 


Aub et al. B38228/47, Zweifach et al. B15859/45. 


ey ea Se a er 


SHOCK 91 

The most conclusive evidence, against the universal applicability of any 
among the above-mentioned theories, is that typical shock ensues in completely 
eviscerated rats, which are deprived of their entire gastrointestinal tract including 
the liver.*’* Here, we can certainly not ascribe shock to principles coming 
either from the gastrointestinal tract or the hepatic tissue. 

Despite our inability to furnish any definite proof in favor of the intoxication- 
theory, it must be admitted that the latter is rather attractive. Undoubtedly, 
many potentially toxic substances can be liberated from injured cells and perhaps 
our inability to demonstrate toxic concentrations of them in the blood was due 
to the use of inappropriate techniques. There is one formulation of the toxic 
theory which has not yet been considered to our knowledge. Perhaps during 
shock there is not only an excess production of toxic metabolites, but also an 
inability to detoxify them. If this were correct, it would be understandable that 
neither the ues nor the blood of shocked animals proves to possess a demons- 
trable toxicity if assayed on intact recipients. Indeed, even our experiments 
on adrenalectomized animals may not have been conclusive, since it is possible 
that adrenal insufficiency does not impede the detoxification of these particular 
metabolites, while shock does. The toxic metabolites produced by tissue injury 


may be so readily inactivated that they could only be demonstrated on animals 
who are already in shock at the time of the experiment. Here they might manifest 
themselves by aggravating and accelerating the development of a pre-existent 
shock. 

OF course this is a purely hypothetic possibility. We mentioned it here 
merely because it has not yet been explored and all other efforts to implicate 
toxic metabolites in the pathogenesis of shock gave inconclusive or negative 
results. 

(4) Nervous disturbances. — There is a great deal of evidence suggesting 
that the nervous system plays an important réle in the pathogenesis of shock.?®® 
This is particularly true of the so-called “primary shock” (cf. p. 10), that is 
the shock-like collapse of the circulation which develops almost immediately 
upon exposure to severe damage. Even authors who believe in the toxic 
theory of secondary shock postulate that the initial or “primary shock” period 
is of neurogenic origin.°” 


The terms “syncope” or ‘‘collapse” have often been used as synonyms for 
primary shock, but it is debatable whether this condition should be designated 
by a special name, suggesting that it is fundamentally different from secondary 
shock. One of the most outstanding authorities in this field summarized the 
question as follows: ‘‘Collapse designates a sudden failure of the circulation. 
When this presents, as it usually does, the features embodied in the definition 
of shock, the terms should be rega 
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constant and imp Sele 


ch terms as 
of shock. In any case, su 1 
never been clearly defined and in common parlance they are used as more v° 
svat ale A ' 

less synonymous with “primary shock”. | . 
The fact that strong nervous stimuli can act as systemic stressor agents hay 


fe t 
Syncope” 304 YPes 


repeatedly been mentioned (cf. “Alarming Stimuli above). As such they Ps, 
only cause “‘primary shock”, but also secondary shock and if they are sufficient 

prolonged, they can produce all three stages of the G-A-S. Among the nervy 

stressors, strong emotions (e.g., rage, fear), spinal-cord transection and aut 
genic stimuli were most commonly used in studies concerned with the G-A-S 05 
Even shock caused by intestinal obstruction has been considered to depend 
largely upon nervous irritation.*°* However, preliminary exclusion of the gastro. 


intestinal tract’s extrinsic nerve supply does not influence the survival tim 
of cats in which shock is produced by intestinal obstruction.*"” (Cf, also p. 75) 

Since burns cause a great deal of pain, it has been assumed that Nervous 
stimuli probably play a particularly important part in the pathogenesis of shock 
produced by them. Nevertheless spinal-cord transection fails to prevent the 
onset of shock produced by burning the de-afferented part of the body in rats, 308 
As we have stated in connection with the toxic theory, shock is also produced 
in animals which are connected with traumatized tissue only by way of blood. 
vessel anastomoses. 

All these observations clearly show that shock can develop in the absence of 
nervous stimuli, although the latter may act as systemic stressors and hence, 
like so many other agents, they are also capable of producing shock. 

The elimination of unnecessary fear and pain during operations greatly 
diminishes the incidence and severity of shock in man,**® presumably because 
this reduces the number of stressors which affect a patient who undergoes 
a surgical operation. Experiments planned to prove that anesthesia alleviates 
shock, have yielded contradictory results, perhaps because deep narcosis is in 
itself a potent alarming stimulus.*° To make anesthesia a useful shock- 
preventing agent, care must be taken that its own alarming effect be less 
pronounced than that of the nervous stimulus which it is supposed to 
counteract.311 


We know very little concerning the mechanism through which nervous stimuli 
influence the development of the G-A-S in general and the shock-phase in 
particular. It has been claimed, with more or less justification, that overstimula- 
tion of the sympathetic nervous system can cause shock,*!2 but this did not 
remain uncontested.*!5 Fear in particular, may induce hemoconcentration and a 
secondary hypotension which are allegedly the direct results of an initial adren- 
aline discharge, adrenergic vasoconstriction and a consequently increased capil- 
lary permeability in tissues thus deprived of blood.314 
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Neurogenic shock has also been produced in animals (even in the anesthetized 
dog) by carotid-sinus stimulation, but this hardly has much bearing upon clinical 
shock, since comparable conditions would rarely arise in man.*"® 


Nervous stimuli, also play an important réle in mediating certain specific 
manifestations of the A-R. Sympathectomy interferes with many adaptive 
reactions and prevents adrenaline liberation in emergencies,*!® while vagotomy 
tends to inhibit the formation of gastrointestinal ulcers during the A-R 
(Cf. Gastrointestinal Tract). Furthermore, vagotomy, adrenal-denervation and 
spinal-cord transection, greatly influence the glycemic response to stressors." 

It may incidentally be mentioned that there is some evidence suggesting 
that many, i! not all the manifestations of the G-A-S, are due to conditioned 
reflexes.*’* ‘hus the tachycardia elicited by adrenaline in the dog can be 
subsequently produced even by the injection of saline solution after a conditioned 
reflex to injection has been established.®"" This example is perhaps somewhat 
far fetched, but it illustrates how certain manifestations of the G-A-S, which 
are dependent upon pretreatment or training, could be based upon the develop- 
ment of conditioned reflexes. 

In summary, it may be said that nervous stimuli undoubtedly can produce not 


only shock but also the later stages of the G-A-S. They probably play a 
prominent role in the so-called primary shock or collapse. In the event of 
exposure to various stressors, incidental pain, fear, rage and other nervous 
stimuli can be superimposed upon the effect of the main alarming stimulus 
and thus aggravate its systemic stress effect. Hence, incidental nervous irritation 
should be eliminated as much as possible in clinical medicine. Many of the 
individual reactions which compose the shock syndrome can be mediated by 
nerves. Nevertheless, the production of shock is not dependent upon the 
integrity of the nervous system. 

(5) Disturbed thermo-regulation. — It is a characteristic feature of severe 
shock that the mechanism of thermo-regulation is disturbed and the body- 
temperature falls. Furthermore, exposure to excessive cold can elicit shock-like 
symptoms by depressing the body-temperature.®* The A-R-symptoms produced 
by transection of the spinal cord, are diminished by maintaining the body- 
temperature.**! On the other hand exposure to excessive heat may also lead to 
shock-like symptoms, although the body-temperature rises,*2 and it is common 
clinical experience that in patients, suffering from trauma or burns, shock is not 
necessarily prevented by maintaining the body temperature at a normal level. 
Hence, we must reject the theory that a disturbed thermo-regulation is always 
the primary derangement in shock.** 


(6) The deficiency theory. — As we have seen, the various previously men- 
tioned interpretations of the sho yndrome may explain certain instances of 
shock, but none of them is app ] led us to consider the 
Possibility that shock may not « ised by ism. For 
instance, under certain cir y in n 
Vitally important ) 


es Phemister 
a7 Gaon 


RESISTANCE DISEASES OF ADAPTATION 


94 


s not forget that the data obtained with all the classical] expen 


substances. Let u designed to prove the toxic theory, are equally com 


alec. For instance, the fact that occlusion of veil 
be Tent produces shock only after ae pines pf = circulation, see 
always been ascribed to an intoxication by meta i ¥ , from the dama 

tissues, but actually it could just as well bi ‘ BS. ‘ drainage of vital} 
important substances from the general circulation into the area of damage 14 


: ea deficiency that causes sh, 
e instances, it is undoubtedly a : : Shock-]if 
‘ oss Thus, shock was produced by partial hepatectomy : 


symptom ean a Condition it 
which no tissue remaining in the body is directly tor is there ap 
damaging substance introduced into the ree pee ‘ae as in shock due 
to hemorrhage, asphyxia or hypoglycemia, the lack of something is the Prima 


cause of shock, although secondarily, this lack may have led to the formation 
of toxic substances. 

The case of tissue-anoxia is perhaps not entirely relevant. It iS generally 
thought that during shock, diminished oxygen transport to the tissues and the 
resulting nutritional disturbance is of great importance. How ever, administra. 
tion of oxygen under high pressure fails to improve the condition or even 
to augment oxygen uptake,®** presumably because during shock considerable 
portions of the vascular bed are completely excluded from the circulation3% 
Thus here deficiency in a vitally important metabolite merely serves to aggravate 
a pre-existent local condition of damage and is not conducive to the systemic 
spreading of the insult by depriving the rest of the body from a needed 
substance. 

It is perhaps more pertinent to note that an extraordinarily large amount of 
sugar disappears from the blood circulation through a traumatized limb.%* It 
was assumed that increased glucose combustion in the damaged tissue may 
require large quantities of substances (e.g., co-enzymes) necessary for carbo- 
hydrate utilization; by attracting these into the area of damage, the body may 
become deficient in them.*?® 

Significantly, intravenous administration of sodium-succinate and fumarate 
considerably improves the condition of animals in traumatic shock, and 
lactate proved beneficial in burn-shock.**°" This and similar observations led 
to the conclusion that “the therapeutic value of plasma is not fully explained 
by its colloidal-osmotic pressure. The search for labile substances in plasma 
which restore metabolic processes is indicated ‘*.33t 

It has also been pointed out that in shock induced by burns, the loss of 
nitrogen continues beyond the hemoconcentration period. Although many of the 
catabolic changes initiated by burns ‘‘simulate a toxic condition, they cam 
eliminated by increasing the amount of protein in the diet”... “hence the 
toxemia appears to be a conditioned amino-acid deficiency induced by 
increased demand for this amino acid with consequent raiding of the tissue 


protein”. Here methionine was particularly effective as a prophylactic ° 
shock.#32 
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On the other hand, contrary to earlier views, the ATP and phosphocreatine 
content of the muscles does not fall significantly during traumatic shock, except 
in the directly injured area. From this it was concluded that ‘under the 
circumstances, it is hard to credit the reduction in high energy phosphorus with 
a major réle in shock’’,333 * 

Hypochloremia has also been regarded as characteristic, and perhaps a 
fundamental factor in shock, but it is absent when muscular exercise is the 
evocative agent.**! Even the reputedly typical decrease in red-cell chlorides is 
absent or reversed in this case.*> Purthermore, marked hypochloremia may be 
elicited by DCA. without causing any shock-symptoms.**® Thus, there is no 
evidence that hypochloremia is the initiating factor of the shock syndrome. 

An absolute or relative hyponatremia should likewise be considered in con- 
nection with the deficiency theory. Injured cells notoriously tend to discharge 
potassium and replace it by sodium. Damaged tissues also store Na-rich 
edema fluid, thus removing large amounts of Na from the circulation. Signifi- 
cantly, administration of Na-solutions is more effective in the therapy of shock 
than treatment with a variety of other solutions having the same osmotic con- 
centration.*** (Cf. p. 61.) 


We said before that compression-treatment of crush-injuries diminishes their 
shock-producing action. This has been regarded as possibly due to the prevention 
(by mechanical pressure) of the loss of important blood-constituents into the 
damaged tissues.*** However, as previously noted, the improvement obtained 
by compression is equally compatible with several other theories. 

Several observations suggest that the shock-phase of the A-R is actually one 
of “relative-adrenal insufficiency”.**° We merely mention these here since 
they are considered in more detail elsewhere (cf, p. 76.) 

In summary, it may be said that deficiency in one or more vitally important 
substances can undoubtedly be the cause of shock; it may, but has not been 
proven to be a necessary prerequisite of it. However, even the evidence in 
favor of the deficiency theory as one applicable to all kinds of shock, is at 
least as convincing as any other hypothesis so far suggested. 

(7) Shock as a disease of adaptation. ~ The concept that some deficiency 
may be the fundamental factor in the pathogenesis of shock, forms a suitable 
basis for our discussion of this condition as a disease of adaptation. Let us 
recall that the relative lack of corticoids, sodium or certain building-stones of the 
larger protein- and sugar-molecules (e.g., amino-acids, succinic acid, fumaric 
acid) have been considered to play a special réle in this connection. Increased 
corticoid-production is one of the fundamental steps in the defense against 
systemic stress and the corticoids in turn play an important réle in gluco- 
neogenesis from protein, the utilization of sugar- and protein-degradation- 
products, as well as the metabolism of sodium 

Before discussing the relationship of sl 
first, to formulate the basic problems 
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certain stressor agents upon circumse 
areas of the body (e.g., trauma, burns); yet in ther instances the st, 
has a direct systemic action (e.g, intravenous sein of toxic shits 
ces, septicemia, total-body x-irradiation). In the latter case, there is no 
to search for a mediator, but if the stressor agent acts only upon a circumse 
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part of the body, we have to account for a mediator which spreads the dail 
to distant organs (e.g., from a burned skin area to the gastrointestina] muses 
or the adrenal-cortex). a 
The secondary (distant) effects of an originally localized injury should a 
clearly separated into two categories: (1) manifestations of damage as un 
(shock) and (2) manifestations of defense against damage (« ounter-shock) 
We do not know what carries the impulse of stress from the directly injured 
tissues to distant organs. This carrier may be a toxic metabolite or the deficien 


in a vitally important body constituent. Toxic substances could be produce 4 
by the directly injured cells, but it is equally possible that substances indispen. 
sable for normal life are consumed by them so that the rest of the body 
is deprived of essential metabolites. In any case, this mediator appears to be 
blood-borne, since the production of shock depends only upon the maintenance 
of a humoral link between the directly damaged area and the rest of the body; 
nervous connections are dispensable. 

It is possible that: (1) the same humoral mediator, which causes systemic 
damage, also initiates counter-shock, due to two distinct actions; (2) the humoral 
mediator initiates counter-shock through the intermediary of the systemic 
damage itself; (3) that shock and defense are elicited by independent mecha- 
nisms. 

We analyzed the mechanism of the A-R, because unfortunately, the “shock- 
problem” is usually approached without dissecting it into its component parts 
and without realizing its intimate connection with defense and with the mild 
“physiologic” stresses of daily life. It will be clear from the preceding discus- 
sion that little can be learned from experiments designed to reveal ‘what causes 
shock". The essence of this condition is that it does not depend upon any one 
pathogenic mechanism and its diverse components are not controlled by the 
same regulator. Hence it would not be worth the effort to discuss the gigantic 
(and so largely inarticulate and redundant) shock-literature in detail. Let us 
limit ourselves to a few observations which are particularly instructive in the 
study of shock as a disease of adaptation. ; 

It has been emphasized that shock tends to develop in three stages, just like 
the G-A-S. There is first an initial period of “damage”, during which the blood- 
pressure falls; this is followed by the period of stabilization, at which a blonss 
pressure plateau is established; finally there is the “secondary period”, whic 
commences with a sudden collapse of the blood-pressure and terminates in 


death.*# These periods are of short duration, in the usual type of experiment 


designed to study “shock”, because the stressors employed are very Seve™ 
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The manijestations of systemic damage appear to be characterized in all 
organs merely by non-specific signs of decreased vitality, such as the progres- 


sive loss of the selective permeability of cell- and capillary-membranes. This 
leads to capillary-leakage, with an egress of plasma-constituents into the inter- 
cellular spaces At the same time there is ‘‘cell-membrane leakage”, with a 
discharge from the cell of compounds in which it is usually very rich (e.g.. 
K and PO,), while Ca, Na, Cl and blood-plasma enter the cytoplasm from 
the circulating blood through the interstitial fluid. Thus, the chemical composi- 
tion of cell and plasma tend to become equalized. Simultaneously, there is a 
systemic cat ibolism of protein-, glycogen-, and fat-reserves. 

Numerous manifestations of the A-R such as the hypotension, the hypo- 
glycemia, the formation of gastrointestinal ulcers, the hypothermia, hemoconcen- 
tration, etc., are regarded as manifestations of systemic damage in this sense, 
although they are not necessarily obvious during shock-conditions of brief 
duration. 

The catabolic phase, with its protein disintegration and nitrogen loss, which 
usually follows severe systemic stress in man has also been correlated with the 


A-R. “Raiding of the body-protein may occur in order to supply endogenously 
the necessary substrate of amino-acids for the reparative process, and perhaps a 
mobilization of oxidizable material for the enhanced metabolism of the healing 
process and for the alarm-reaction’’.*41 An essentially similar view has been 
expressed by others, who raised the possibility that the protein-catabolites, 
liberated during the shock-phase, may even enhance the ability of the hypophysis 
to produce corticotrophin.3# It will be recalled that during stress, corticotrophin- 
production is greatly augmented by high-protein or high-amino-acid diets. 

It has not been possible to identify any particular amino-acid, polypeptide 
or protein-fraction, as “the stimulus” specifically responsible for certain manifes- 
tations characteristic of the catabolic period. A protein from the euglobuline- 
fraction of bovine serum was found to produce hypotension and leucopenia in 
the dog and guinea pig.*** These are undoubtedly characteristic manifestations 
of the A-R. Yet, their evocation with this particular fraction should not be 
taken to suggest that endogenous euglobulines are normally responsible for 
eliciting comparable manifestations during stress. Obviously most toxic subs- 
tances will produce hypotension and leucopenia if they are given in doses 
sufficient to elicit an A-R. 

If we accept the deficiency theory of shock, the catabolic phase of the A-R 
may also be of benefit through another mechanism. Tissue-catabolism could 
liberate, from tissues of relatively minor importance, such essential substances 
of which the body may have become depleted and render them available for the 
more vital organs. Incidentally, the lic response, reduces the total mass 
of the body and thus the organism — adjusted to subsistance 
on a reduced amount of essential me oe P 

The counter-shock phenom ne 
into hormonal and 
initiated by the ii 
through what path 
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in the nervous or blood-borne stimuli which affect the anterior-lobe 
latter to discharge corticotrophin and thus to initiate the hormonal def 
In any event, the corticotrophin acts upon the adrenal-cortex 


induce the 
ense chain 
and causes 4" 


latter to produce corticoids which are notoriously effective in raising Tesistang e 

There are but few data concerning the réle of mineralo-corticoids pi e, 
shock. Observations on man, receiving varying amounts of Na, Suggest an 
even under normal conditions “the renal sodium excretion is ‘controen a 
adrenal-cortical activity and that ingested sodium may displace intracelly|. 
potassium in normal subjects’ if they are given high-Na die) s fora sufficiens 
period, From indirect evidence it was concluded furthermore that “the need to 
conserve body-sodium was met by increased activity of the des: yeorticosterone 
like hormone”.**5 Perhaps during the shock-phase of the A-!. a similar over. 
production of mineralo-corticoids occurs in order to minimize 'h« loss of Na and 
the danger of endogenous K-intoxication. 

In this connection it is even more instructive that following operations inf 


other types of traumatic injury in man, there tends to be a retention of Na and C| 
and an excessive elimination of K, if the injury is not too severe and compen. 
satory defense-mechanisms are effective. These changes have been ascribed 
to an increased production of corticoids, as a result of an effective A-R, in 
response to trauma.*#° Essentially similar observations have been made, quite 
independently, by others. For instance it was found that during post-operative 
alkalosis an actual K-deficiency may develop, with typical electrocardiographic 
changes abolished by K-administration. It was concluded that “‘these elec. 
trolyte disturbances show a striking resemblance to those observed in certain 
patients with Cushing’s syndrome” and the “results suggest that the patho- 
genesis of this syndrome in post-operative patients is due to the alarm-reaction 
producing hyperfunction of the adrenal cortex, with loss of potassium and 
chloride (or retention of sodium) in the urine, associated with a low intake of 
potassium ”’.*47 

There is much more evidence showing that gluco-corticoid-production is 
increased during the A-R (increased urinary elimination of gluco-corticoids, 
lympholysis, eosinopenia, changes in intermediate organic metabolism). Indeed 
pertinent data are too plentiful to be included in this theoretic discussion. It is 
even probable that during the A-R gluco-corticoid-production greatly predomin- 
ates over the elaboration of mineralo-corticoids. The above data are given in 
some detail only to show that probably some mineralo-corticoid-excess can arise 
even after short exposure to systemic stress. 

The kidney probably contributes to shock-defense through its endocrine 
activity (mainly by the production of RPS) and through its excretory function 
(regulation of water- and salt-metabolism). However, this contribution is suf 
prisingly unimportant as judged by the fact that complete nephrectomy causes 
only a slight diminution of shock-resistance in most laboratory animals. ; 

The nervous defense mechanism is mainly regulated by the hypothalamic 
vegetative centers. From here, sympathetic nerve-impulses travel to the cardio- 
vascular system and tend to raise the blood-pressure by a direct action upon 


Peripheral resistance and cardiac output. This direct action is further CO” 


plemented, through the splanchnics, by the discharge of blood-borne adreners! 
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substances (adrenaline and nor-adrenaline) from the medulla. There is also 
some evidence of a generalized parasympathetic discharge during stress, but this 


has received comparatively little attention. It may be implicated in the so-called 
vaso-vagal reflex and in some of the gastrointestinal derangements which 
occur during shock, : 
Waterhouse-Friderichsen syndrome. — This condition is characterized by a 
necrotic breakdown of the adrenals accompanied by fulminating purpura, with 
hemorrhages both in the adrenals and in many other tissues. The syndrome is 
most commonly due to meningococcal septicemia, but may occur in patients 
with other infections and sometimes the eliciting agent is not detectable. 
Animal experiments suggest that a number of micro-organisms contain ‘‘adreno- 
hemorrhagic iactors", These also cause other manifestations of the A-R, such 
as hypoth« snd leucopenia.**8 It was assumed that several bacterial toxins 
can elicit changes in animals, which resemble the Waterhouse-Friderichsen 
syndrome of clinical medicine. Allegedly, here, “the symptoms are due both 
to adrenal insufficiency and to the intoxication itself’249 A study of the 
literature, and of personally observed cases with adrenal-cortical necrosis, 


led to the suspicion that infection, toxemia, endocrine factors and allergy may 
all be involved in the pathogenesis of this change. Their exact réle could not 
be specified but “the possible significance and the relationship of such lesions 
to Addison’s disease and to the Waterhouse-Friderichsen-syndrome and to 
intestinal ulcerations is intimated’’.25° 

In other connections we enumerated a great variety of stressors which 
cause adreno-cortical necrosis and hemorrhages (see: “Adrenals”). These 
lesions are often accompanied by systemic manifestations of purpura, Since 
excessive stimulation of the adrenal by corticotrophic preparations can like- 
wise cause adrenal necrosis, it was suggested that in the Waterhouse-Friderich- 
sen syndrome the lesion in the suprarenals is due to an exhaustive over- 
stimulation of the cortical cells with an eventual breakdown. The resulting 
fall in corticoid-production is aggravated by a “relative adrenal insufficiency” 
because resistance to the evocative stressor requires particularly large amounts 
of corticoids. On the other hand, the accompanying purpura is probably a 
more specific effect of the causative agent; normally, capillary~fragility and 
the blood-clotting mechanism are not sufficiently deranged during the A-R, 
to produce a marked systemic hemorrhagic tendency. 

It has been stated that in patients who die from the Waterhouse-Friderich- 
sen syndrome, the thymus is unusually large, while the functional adrenal- 
cortex is narrow since most of the inner layers are completely destroyed by 
hemorrhage and necrosis. “Thus one could speak of a reversed alarm 
reaction’’.8°1_ In support of this view, we x also mention that therapy with 
corticoids proved especially effective | r temic stress-man- 
ifestations of patients suffering from - 
Corticoids). ~ 

In the light of all th 
Friderichsen syndrome 
of the adaptive proce 
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ith secondary, acute hypocorticoidism Althoy 


the adrenal-cortex, w d specific change, produced only by a limited be the 


i impose only 
esate, ihe antics aggravate the SS gaa since it leadee 
extensive adrenal hemorrhages and these add to t a sa tion of conned 
tissue. In this sense, the syndrome would be one o 1ypo-adaptation'™ ; 
failure of the cortical response to stress. 

Systemic infections. — Various systemic infections are known to produ 
particularly severe A-R changes. Some of these, e-9-» malignant diphthes« 
cholera, acute streptococcus and staphylococcus septicemia: are amon a 
most potent stressor agents in clinical medicine (cf. Alarming Stimuli), Of 
course, the causative micro-organisms of all these diseases also have meg 


actions of their own; these are superimposed upon their non-specific stresso, 
effect. Nevertheless, an important part of the resulting clinic. | syndrome jg due 
to the A-R which they produce. The acute gastrointestinal erosions, the hemo, 
concentration, the capillary-damage, the involution and necrosis of lymphatic 
tissue, presumably belong to this latter category. In the event of severe infections 
many of these non-specific changes are due to relative hypo-corticoidism 35% 
Corticoid-therapy with the preparations now available has not been eminently 
successful, yet the best results appear to have been obtained in those infections 
which cause the most pronounced systemic stress. (Cf. p. 67.) 


Certain infections deserve special attention because they are particularly 
conducive to A-R changes. Thus, the adrenal- and blood-electrolyte changes 
in human and simian malaria (hyperkalemia, hypochloremia, hyponatremia), 
are strikingly similar to those seen in the course of an A-R produced by other 
means.*** This, as well as the fact that malaria notoriously causes a type of 
“Addisonism"”, led to the conclusion that here again the syndrome is largely 
a disease of adaptation, upon which the specific effects of the pathogenic 
organism are superimposed.*** 


Typhoid- and paratyphoid-infections are notoriously conducive to intense 
systemic stress manifestations with marked involvement of the lymphatic tissue 
(especially in the intestinal tract), this being accompanied by widespread 
capillary damage, disturbances in electrolyte metabolism, renal function, ete. 
These changes have long been regarded as non-specific.*** Their exact relation- 
ship to the G-A-S have not yet been established. 


The “non-specific allergy’, caused by tuberculosis bacilli,?° also appears to be 
related to their systemic stress effect. However, a detailed discussion of this 
problem would be unwarranted, on the basis of the few scattered observations 
described in the literature. There is no doubt that chronic tuberculosis causes 
severe, long-lasting systemic stress and that here the catabolic manifestations 
play a particularly important réle in the whole clinical picture. Yet, tuberculosis 
rarely causes adreno-cortical enlargement and hardly ever leads to hypertension 
or other cardiovascular diseases of the hyalinosis group. Perhaps in this pi: 
the causative micro-organism exerts an especially prominent catabolic ¢ 
and the resulting protein-depletion “deconditions” the hypophysis-adrenal ye 
tem to the stimulating effect of the systemic stress itself. 
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Focal infections have been mentioned 


Stimuli). They 


as effective stressor agents (cf. Alarming 
in produce systemic adaptive reactions, which are quite out of 


proportion with the importance of the local lesion itself. In other words, they 
act as effective irritants. Almost all the classical diseases of adaptation (e.g. 
hypertension, nephrosclerosis, various forms of arteriosclerosis, rheumatic 
lesions) can allegedly be produced by focal infections (cf. Glossary). 

Non-tropical sprue. ~ This is another condition which tends to produce 
manifestations similar to those of hypocorticoidism, Since corticoids are pur- 
ported to ex 1 particularly striking therapeutic effect in sprue, the disease 
has been regarded as a condition of relative cortical deficiency.**? In this sense, 
at least part the clinical syndrome could be interpreted as a disease of 
hypo-adaptat (CE. therapeutic action of corticoids p. 69.) 

Infantile diarrhea. — The so-called infantile diarrhea (diarrhea of the new- 
born, summer diarrhea, dystrophy of the newborn, toxic infants) is a condition 
characterized by a great intolerance for normally innocuous food-substances, 
diarrhea, vomiting and dehydration. Its close relationship to the co-called 
“malignant syndrome” (cf. Glossary) has been emphasized, mainly because it 
produces essentially the same biochemical changes, which are also characteristic 


of the catabolic phase of the A-R.38 It has been pointed out that this 
syndrome greatly resembles Addison's disease, both clinically and as regards 
the metabolic disturbances. The causative agent may be an infection, a primary 
gastrointestinal disturbance, inadequate diet, intoxication, etc., and any one of 
these stressors may lead to a condition of relative hypocorticoidism. Significantly, 
the blood-Na concentration tends to fall whenever the patient's general condi- 
tion turns for the worse and rises when there is clinical improvement.**" 
In such cases combined treatment with DCA and potassium, allegedly proved 
to be beneficial.*°°* Potassium administration is indicated here especially since 
large amounts of this cation are lost in the stools.**®* (Cf. also use of corticoids 
in fetal shock and collapse from infantile eczema p. 66.) 

It remains to be seen why infants respond to non-specific damage pre- 
dominantly with gastrointestinal disturbances. It is very suggestive to assume, 
however, that we are dealing with a disease of hypo-adaptation to a variety of 
stressors and that the clinical manifestations of this syndrome are dominated 
by the resulting non-specific changes rather than by specific actions of the 
evocative pathogen. 


Aging. — In outlining the three characteristic stages of the G-A-S, we 
emphasized that they bear a striking resemblance with infancy, adulthood and 
senility respectively. At an early age, almost any stressor causes exaggerated 
responses (high fever, intense malaise, coma, etc.), but the child readily adapts 
itself to any change in its internal or ium. The adult usually reacts 
less violently to stressors, perhaps b no fe i 
already acquired some degree of 
hand, with progressing ag 
reaching its lowest poin 


of the G-A-S. There 
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at a time when adaptability is great, Then 


sure to a stressor, es 
sag ipimole ’ to perform specific functions duri 


there ig 


“direction of adaptation energy 
hes gO and this goes hand in hand — the loss of adapta ‘i 
to other stressors. Finally during the stage of exhaution there can ity 
irreversible loss of the power to acquire inurement and this ends in death. 

In discussing the general characteristics of the diseases of adaptation 
concluded that many of them are the so-called degenerative diseases of the aed 
The concept of “pathologic aging”, due to wear-and-tear fits in very ta 
with this interpretation. 

Wound-healing and regeneration are progressively impaired with image 
age and it is known that old individuals are Booeously poor surgical tiske 
They are also very irresistant to infections.3°™* These fac likewise agg 
a progressive loss of adaptability, such as occurs during the G-A-S, Jy a 
sense, the entire life-span could be compared with a protra: ted G-A-S, ah 
develops in response to the ordinary stresses and strains of daily life, Perhaps 


the classic G-A-S, as we study it in the laboratory or <linic, is merely g 
“telescoped” version of essentially the same adaptive phenomena. 

We have seen that nutritional factors are especially effective in conditionin 
the course of the G-A-S. It is particularly significant, therefore, that “retardation 
of growth of rats by restriction of calories alone increased significantly the 
average life-span, and retarded the development of inflammatory, neoplastic 
and degenerative diseases common to this species in old age”’.%°? Essentially 
similar observations were made on rats and dogs kept on various restricted 
diets.2®8 Apart from the restriction of total caloric intake, at least in the rat, 
a limitation of the protein-content of the food is particularly beneficial for the 
promotion of longevity.*** 

A review of the pertinent literature concerning the human being, led to the 
conclusion that “famine and prolonged food-shortages are associated with a 
relative decline in mortality from some degenerative diseases’ .*°° 

All these findings agree well with the observation that the production of 
hypertension and hyalinosis by stress or LAP, is inhibited in experimental 
animals receiving restricted diets, especially if the latter are poor in protein. 


Theoretic Interpretation of Data Concerning Resistance 


In discussing the theoretic interpretation of observations concerning resis 
tance to stress, we propose to consider mainly three problems: (1) the 
correlations which exist between general (systemic) and specific adaptive 
reactions; (2) the pathways through which stress elicits systemic reactions 4m 
influences resistance; (3) the interpretation of non-specific therapy and parti 
ularly shock therapy. 


Correlations between general (systemic) and specific adaptive recto a 
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SYSTEMIC STRESS 
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Systemic stress brings about the G-A-S due to a co-ordinated readjustment 
for defense of the principal biologic functions. Activities not immediately 
necessary for the maintenance of life during an emergency, such as growth 
(e.g., growth in length of the organism as a whole, anabolism of tissue, 
regeneration) and the phenomena connected with the process of reproduction 
(e.g., the development of the male and female gonads, the female sexual 
cycle and lactation) are inhibited (cross-hatched arrows). Such retrogressive 
changes are presumably due to a diminished production of the hypophyseal 
somatotrophic, ganadotrophic and lactogenic hormones. This appears to be 
necessary so that the pituitary may secrete the large amounts of corticotrophin 
required to resist and survive during intense systemic stress. 

At the same time, the nervous system mobilizes and co-ordinates a number 
of target organs for defense, through its highly developed network of com- 
munications; it is only for the sake of simplicity that this is not depicted in 
our sketch. 

Thus during stress the two great integrating mechanisms, the endocrine 
and the nervous systems, begin to exercise their action upon the peripheral 
sub-centers or specific regulators of: blood-pressure (e.g., through the internal 
secretions of the adrenal-cortex, adrenal-medulla and kidney), body-temper- 
ature (e.g., through adrenergic substances f by the adrenal-medulla 
and through the action of vasomotor 
(through carbohydrate-active “gluco- 
osmotic pressure and tissue h 
which influence the electr 
meability), reaction to local i 
blood-clotting and through 
and thus signi er 
the cort 
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i ives specific 
f these sub-centers of regulation receives specific impulse. 
neo these messages enable the center to S fron 


adjust its wae 


ive target-organ; 
Dae iacatesls : maintained. Thus a specific readjustment, of any a i 
the vital functions listed, can occur through these sub-centers Without aig 
pronounced phenomena of systemic defense, that is, without the develop any 
of a well marked G-A-S. Accordingly, in response to Stressors, the organg 
is capable of reacting with varying degrees of specificity. Fo, instanee 
agent which acts specifically upon the body-temperature and causes 
thermia, automatically induces the corresponding sub-center to raise ne re 
temperature, thus re-establishing normalcy. However, if such a streyee » 
sufficiently powerful to affect the entire organism then it becomes a systems 
stressor. In this event it acts back upon the main centers (hy pophysis, ie ic 
thalamus), which regulate the G-A-S as a whole and gear the entire organisn 


for defense. 

In this sense there is a close interaction between the individual, Peripheral 
sub-centers of defense against specific types of injury and the main tes 
ordinators of defense against systemic stress as such, that is, the regulators 
of the G-A-S. 

Pathways through which stress elicits systemic reactions. — Let us noy 
examine the pathways through which a stressor elicits the systemic reactions 
characteristic of the G-A-S and thus influences resistance in general. Here 
again a chart will help to visualize the complex interrelations between the 
tissues involved. 

The stressor always influences some tissues directly. In certain instances 
(e.g., hemorrhage, anoxia, total-body x-irradiation) many, if not all, cells of 
the organism are injured due to a direct action of the damaging agent; 
frequently (e.g., trauma, burns), however, the tissues directly affected by the 
stressor represent only a limited part of the body as a whole. Yet, even such 
circumscribed lesions can elicit systemic reactions; hence, we may assume 
that the stimulus responsible for the latter must be carried to distant parts of 
the organism (those not directly affected by the stressor), through one of the 
two great integrating mechanisms, the blood-circulation or the nervous system. 
Available data suggest that depending upon the circumstances, either or both 
of these two integrators may carry such impulses from a directly injured area 
to other parts of the body. 

Whether the eliciting stressor affects only a small part of the body directly 
or whether it exerts an immediate action upon all cells, generalized manifesta 
tions of systemic damage can ensue. Among these, we might mention increase 
capillary- and cell-membrane-permeability (with the resulting equalization i" 
the chemical composition of inter- and intra-cellular fluid), hemoconcentt® 
tion, tissue-catabolism, hypotension, hypothermia, hyperkalemia, clinical ma™ 
ifestations of “shock”, gastrointestinal erosions, etc. sell 

No matter how such systemic damage is produced, it is always accompamle® 
or followed, by manifestations of systemic defense or “counter-shock’’. Here 
again the mediation, from a limited area of tissues directly affected by the 
stressor, must occur through nervous and/or humoral pathways. ie i 
attempts have been made to identify “the mediator” involved in the pre v 
tion of systemic damage or systemic defense-phenomena following injut 
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may be a ner i us stimulus, a humoral factor (e.g., a toxic metabolite) or the 
Jack of a vitally important blood-borne Principle; indeed, it is rather probable 
that such systemic reactions do not depend upon any one specific mediator 
but can be induced by a variety of derangements in the chemical composition 
of the blood -ll as by nervous stimuli. 

PATHWA TROUGH WHICH STRESS ELICITS SYSTEMIC REACTIONS 
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Whatever the nature of such mediator(s) may be, the following three 
possibilities exists: (1) the same stimulus which causes systemic damage also 
elicits systemic defense (dotted arrow); (2) separate mediators are involved 
in eliciting systemic damage and systemic defense (solid arrows); (3) only 
systemic damage is elicited by mediators coming from directly injured tissues, 
the metabolic changes caused by sui es the stimuli 
which automatically elicit s ic 

Systemic defense react 
monal and through 
defense an activation ¢ 
During stress it pro 
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a limited area; yet the nature of such mediators is still I 
data are quite compatible with the conception that the 
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ili bably also increase th 
embrane-permeability. They pro er 
Denies the destruction of RPS by the kidney and thus bene mtg 
the hypotension of shock. ; m 
Among other glands involved in systemic defense-reactions We the 
mention the posterior-hypophysis, which, through the production of vasoprent d 
influences the vascular system, the blood-pressure and urine formation in, 
The adrenal-medulla participates in systemic defense through the discha, 
of “medulloid” adrenergic substances, especially adrenaline and nor-adrenaiy 


systemic nervous defense reactions are mainly regu! 

Mats nerve-centers of the hypothalamus. Ben ‘a » autonomic Nerves 

carry impulses throughout the body to the vascu Ee tree 1 to the op A 

(e.g., glands) involved in metabolism. Such stimuli play n. important wéle 

in gearing the organism for defense. The adrenal-medulla hich is not Under 

the control of the anterior-hypophysis, receives secretory impulses through the 
splanchnics; these are its secretory nerves, which cause a : ‘edulloid-hormone 
discharge during exposure to stress. 

The posterior-hypophysis is likewise independent of anterior-lobe Contro]; 
it receives secretory impulses from the hypothalamus through the stalk of 
the pituitary. Whether ACTH discharge from the anterior-lobe can also be 
stimulated through the stalk is debatable; under most circumstances it cer. 
tainly can still occur after stalk-transection. 

Thus, in the final analysis, resistance is influenced on the one hand by 
systemic damage and on the other by the terminal effector stimuli of the 
hormonal (corticoids, RPS, vasopressin, medulloids) and nervous (autonomic 
nerves) defense systems. 

Here, we discussed these correlations in connection with the mediation of 
the stress-responses which influence resistance in general. However, resistance 
is determined by the sum of all the individual stress-responses and, hence, 
essentially the same pathways will have to be considered in connection with 
other, more specific, targets which are affected by the G-A-S (e.g., biochemical, 
morphologic and functional changes). 

Non-specific therapy. — In connection with the theoretic interpretation 
of data concerning resistance, special attention should be given to the mecha- 
nism through which the various types of non-specific-therapy ( shock-therapy, 
fever-therapy, parenteral protein-therapy, etc.) exert their beneficial actions 
in many of the so-called “chronic degenerative diseases”. 

It appears that after chronic stimulation, perhaps due to habit formation 
or partial fatigue, the body tends to overwork some pathways of the G-AS, 
while others remain unused, Then, gradually, the former become worn out 
while the latter suffer due to disuse.*°° This may well lead to diseases of adap 
tation, including some mental diseases. 

Perhaps shock-therapy acts because it represents a very intense new a 
which forces the body again to use all routes of defense proportionately: 
other words, it shakes the pattern of defense out of the rut or “groove” i 
which it has gradually worked itself. aa 

If we attempt to put these, admittedly vague, concepts into more ee i 
terms, it might be assumed for instance that renewed production of “degra 
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tion factor’ (see Adrenals) in the course of an A-R superimposed upon the 


resistant stage, may play a réle here. We know that during the stage of 
resistance to any one stressor, ‘ ; 


the adrenal-cortex st 


ipid-qranules. Expos E : ores increasingly more 
lipi ih ‘ e I He to another kind of stressor again evokes a degranula- 
tion o o- «i this may well be associated with a beneficial hans fo 
function é 1 o-corticoid discharge) in a patient who “fell into the habit” 
of eee a9 persistent mineralo-corticoid secretion in response to the 
original pat! ¢ stressor to which he became adapted. 

The inte< . mechanisms which are not particularly essential for the 
maintenanc< 


e, is usually safeguarded only by one (or few) regulators. 
) muscles have but a single motor nerve, if it is severed, 
but this is without major importance for the maintenance of 
r hand, vitally important functions are regulated by several 
‘ys, so that if one is injured, another can take over to preserve 
1s, hyperglycemia can be produced by adrenaline secreted by 
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the adrenal medulla, by sympathin liberated at hepatic nerve-endings, by 
gluco-corticoids and by diabetogenic anterior-lobe principles. Similarly, resis- 
tance after adrenalectomy is raised by gluco-corticoids as well as by mineralo- 
corticoids. It is possible that in the case of sudden exposure to stress all routes 


capable of raising resistance are used during the acute emergency stage, but 
subsequently, due to “habit formation” or “fatigue” of certain pathways (cf. 
above) one mechanism is preferentially used and becomes excessive or worn 
out, while the others undergo “disuse atrophy”. Diseases of adaptation may 
then ensue due to such disproportionate use of certain channels. Thus exces- 
sive gluco-corticoid secretion during chronic exposure to stress may lead to 
diabetes, while excessive production of mineralo-corticoids could cause 
hyalinosis and arthritis. This may also explain the curative effect of gluco- 
corticoids in rheumatoid arthritis and other diseases which are presumably 
caused by mineralo-corticoid intoxication, Here the exogenous gluco-cor- 
ticoids would decrease both the need for, and the production of, toxic mineralo- 
corticoids. 

An alternative possibility is that gluco- and mineralo-corticoids peripherally 
antagonize each other as regards these diseases, just as they do in many other 
respects (e.g., membrane-permeability, E.S.R., hyalinosis pressor action). 

here are many examples showing that different hormones produced by the 
same endocrine gland can antagonize each other (e.g., folliculoids and luteoids 
in their effect upon the uterus, adrenaline and gluco-corticoids in their effect 
upon the circulating lymphocytes). 

The above considerations suggest the possibility that the curative value of 
shock-therapy, or of any other non-specific therapy, is largely due to the 
Stimulation of endogenous corticotrophin 
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more than the |; 
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ee istance, specific resistance 1S greatly augmented, while n ‘NG th 
stage of resis a. ; of exhaustion b , ON-spenig ridual funct ch ; 
ie is diminished. During the stage a oth types of resige ile nan 90 rigp such as the maintenance of blood-pressure, body-tem- 
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reach a very low level. Ng = ae - frei — pressure, tissue-hydration, reaction to local injury 
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H hysectomy and adrenalectomy greatly diminish resistance tg Sates evithauist pata an agent endangers only one of these individual 
i netieotrophin rectifies this derangement afte: hypoph Yatios salina sub-centes ; pri ried ees degree of systemic stress, the corres- 
stressors. “weed ¥Sectomy po g age : regulation suffices to maintain homeostasis. However, 
but not after adrenale vk ’ : if the stress becomes generalized, the main center is called into action and the 
Corticoids increase the low resistance of ees tomized or adrenal entire body is geared for defense. 
: only in a few inst ‘ alee. The on Ff ed 
tomized animals towards santa y hee nstances has if he " — — which stress elicits systemic reactions have been 
possible to demonstrate that such therapy ao nt the Tesistance su to a ¢ Me ed analysis. It appears that some stressors injure cells 
: re . if : y . 
hypophysectomized or adrenalectomized animals above that of intact nop of throug out the body (eg., hemorrhage, total body-irradiation), while others 
fous Mal vip only cumscribed tssue-injury (e.g., localized burns or trauma). In 
‘n intact animals, even large doses of corticoids are comparatively inefferg o — dr sufficiently severe to elicit a G-A-S, both systemic 
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; ° . s response is effected through nervous and/or hu 1 medi ; 
i r been obtained by c «ae e moral mediators, 
consistently beneficial results have Y corticoid or Mee by 
most ntly be ; EE etcmic streas therapy Systemi fense is made possible through the actions of the two great 
in those conditions in which an overwhelming sy c stress led to hemor. integrating systems of the body, the endocrin d th 3 Sys WwW 
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aide igh level necessary for opti ‘ ' : : 
ticoids probably fell below the high ae OF mal Stress-regis. From a therapeutic point of view, the mechanism of non-specific therapy, 
tance. The evident benefit derived from corticoids in uremia, potassium. particularly shock-therapy, deserves special attention, Certain observations 
intoxication, water-intoxication and insulin-shock, is largely due to the Specific have been outlined which suggest the possibility that the curative value of such 
actions of these steroids upon electrolyte-, water- and carbohydrate-metabolism non-specific therapeutic measures is largely due to the stimulation of endo- 
respectively. Here it would be incorrect to speak merely of an increase jp genous corticotrophin production and the resultant normalization of a deranged 
adreno-cortical function. 


resistance as such. 

The hormones of the adrenal-medulla and of the posterior-pituitary play 
a less important réle in resistance to systemic stress, as judged by their 
substitution-therapy effect upon adrenalectomized or hypophysectomized 
animals respectively. It must be kept in mind, however, that after adrenal- 
ectomy, the paraganglia and the sympathetic nerve-endings continue to furnish 
adrenergic substances, while after hypophysectomy the tuber-region can stil 
produce hormones similar to those of the posterior-lobe. 

Removal of the kidneys, spleen or thymus does not diminish resistance to 
acute systemic stress nearly as much as hypophysectomy or adrenalectomy. 
This does not prove that the above organs play no important réle in condi- 
tioning resistance; perhaps their actions can merely be taken over by other 
tissues. It is also possible that the effect of depriving the body of these organs 
would make itself felt only during the later stages of the G-A-S, but this 
eventuality has not yet been adequately studied. , 


Numerous observations suggest that the principal derangement in ceria 


, diseases is a diminution of the resistance to systemic stress. As particulany 
: characteristic examples of such “resistance-diseases of adaptation” we 7” 


tioned shock, the Waterhouse-Friderichsen syndrome, severe systemic i 
tions, ‘non-tropical sprue and infantile diarrhea. Indeed, even the phenome 
of aging may perhaps be interpreted in this sense. 
In discussing the theoretic interpretation of the data concerning resi®! 
special emphasis upon the correlations between general (s 
pecific tive reactions. The hypothalamus- hypophysis-syste™ 
te a central co-ordinator of defense against systemic str 
other er hand, several peripheral sub-centers insur 
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METABOLISM 


Changes in metabolic functions play a very prominent role in the G-A.g 


© the S0-calleq 
Id be POinteq 


Among these, especially careful attention | Ree Ss | 
“catabolic impulse’ which occurs during the A- oa t shou 
out, however, that a similar great predominance of catabolic, over anges 
phenomena reappears in the stage of exhaustion, as. during the én 
vening stage of resistance, anabolic phenomena prevail. 


The expression “protein-catabolic phase” is often used \ 


breakdown of body-protein during the A-R. Unfortunately, ‘his term tends to 
give the false impression that during a certain phase of the G-A-S there ig 
selective catabolism of protein. Actually, in the stages of alarm and exhaus. 


tion, the carbohydrate- and fat-stores are also depleted. Th. 


for subsequent combustion are all just as characteristic catabolic reactions 
during the initial and terminal periods of the G-A-S, as the degradation of 
protein. Indeed, the organism appears to make every effort to preserve at least 
a minimum amount of structure-protein, as long as other sources of 
are available for resistance and repair during systemic stress. 


Several extensive reviews surveyed the metabolic aspects of the shock 


problem; special attention has been given to the metabolic changes induced 
by traumatic shock ? and x-irradiation.? 


energy 
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BASAL METABOLIC RATE 


Systemic Stress 


Systematic animal experiments 
characteristic effect of th 
alarming stimuli ( drugs, 


performed specifically to determine the 
e G-A-S upon the B.M.R., revealed that a variety of 
surgical interventions, etc.) cause a decrease during 
the shock-phase; in the counter-shock-phase, however, the B.M.R. returns to 
or above normal in spite of continued treatment.’ Systematic studies concerning 
the B.M.R. during the later stages of the G-A-S have not yet been published. 


Changes in B.M.R. caused by some agents known to evoke the G-AS 


deserve special consideration. Thus it was found that in the cat traumatic 
ao Benen: & fall in B.M.R. which was ascribed to the resulting tissue 
anoxia, 
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lic, 
ter. 


designate the 


breakdown of 
the glycogen-stores to glucose, with rapid utilization of the latter, as well as 


the mobilization of lipids from the fat-depots and their transfer into the lite 


“<—— SYSTEMIC sTRESss M1 
Hemorrhage, if sufficiently severe to cause hypotension, ¢ 
consumption by 30-50% in the dog. This was ascribed to the 


but the development of irreversible hemorrhagic shock i 
associated with a reduction in Oz-consumption,4 


In various experimental] animals 
following continuous exposure to co 


an lower oxygen 
resulting anoxia,’ 
s not necessarily 


the B.M.R. rises during and immediately 
Id.° Similar observations have been made 


in man,° but if human beings are chronically exposed to cold, the rise in B.M.R. 
does not tend to decline very much so that there is no significant degree of 
adaptation in this respect.? Eskimos are claimed to exhibit a B.M_R. of 14-21% 
above normal tandards,® in spite of the fact that they have lived in the cold 
northern regions for many generations. On the other hand, a most remarkable 
example of adaptation to low temperatures (as regards the B.M.R.) occurs 
in the Australian aboriginal whose heat-production remains at a constant level 
during exposure to cold.® OF course it must be kept in mind that part of the 
specific adaptive reaction to cold is the rise in B.M.R. It is a well-known fact 
that in cold environments heat-production is taised by shivering. Further- 
more, thyrotrophin-production is augmented; this secondarily increases the 
secretion of thyroid-hormone, which in turn maintains a high B.M.R., thus 
helping to preserve a normal body-temperature in spite of the increased loss 


of heat.” This response is certainly not merely a manifestation of the non- 
specific response to the systemic stress-effect of cold, 


Severe x-irradiation, like most alarming stimuli, 
Simultaneously the R.Q. rises and morphologic G- 
Conversely, milder x-irradiation raises the metabolic r 
a counter-shock or resistance phenomenon. 

During the intense muscular contractions elicited by electro-shock-therapy, 
the oxygen-consumption may rise to more than six times the normal level (!); 
although this is accompanied by typical manifestations of the A-R, it is 
obviously a specific result of muscular activity.18 

Under the influence of anoxia the over-all metabolic rate decreases.14 At the 
same time there is a shift from aerobic to anaerobic metabolism at the cost of a 
loss of efficiency, in terms of energy-yield per unit of substrate used.15 Here 
again one may doubt the non-specific nature of the response, since lack of 
oxygen is quite specifically concerned with tissue oxidations. 

A decrease in B.M.R., with typical A-R-changes, has also been noted after 
intraperitoneal injection of hypertonic glucose in the rat. 

Extreme undernutrition (famines, concentration camps) may reduce the 
B.M.R. by as much as 30-60% according to some investigators.17 Although 
this is accompanied by typical signs of the G-A-S, it is impossible to distinguish 


decreases the B.MLR. 
A-S changes appear. 
ate in rats; }* presumably 


* Brofman and Green B25578/43. 
* Post et al. B25993/48. 
® Horvath et al. A9783/38, Henderson et al. 
Ring A19411/39, Schwabe 72768/38. Houston B37539 
° Hill et al. B26009/22. van Liere B261 
* Horvath et al. 99993/46. e ! 
* Crile and Quiring B26008/39. 
® Goldby et al. 74204/38. 
'9 Selye 94572/47. 
‘! Jugenburg A32641/28, Reding 
1? Kirschner et al. B37743/49. 
™ Delmas-Marselet B2 . 
4 Aub 1095 4 


“) 


Brofman and Green B25578/43, 
Green B26010/43, : 


BASAL METABOLIC RATE 
112 
: -specific stress-effects and the specif 

in this Ce reatiegsy, however, an elevation of ne: oe Patio, 
= “ ok ; been noted in starved rats.’® Similarly, administration alte 
refeeding ities to starved patients resulted in a rise of the B.M.R of aa 
satin +16 5%. This was ascribed to the need of energy fo, den on a, 
ae eee A rise in the B.M.R. following an A-R produced byt 


; Sh ‘ 
stressors could serve the same purpose with regard to the tissue-logseg chat 


teristic of the catabolic phase. a 
Much work has been done concerning the effect of - and other nica 
upon the metabolism of mammalian tissues in vitro. nfort unately, the eaten 
tion of these data is subject to many errors. The methods now in use to Prepan, 
tissues for in vitro metabolism studies are so crude that the handling . a 
material itself is bound to cause considerable non-specific stress. e 


Experiments on lower organisms (sea-urchin eggs) showed, contrary to expec. 
tations, that exposure to damaging agents increases tissue-metabolism, Only 
extremely severe damage results in a decrease. On the other hand, if aa 
urchin eggs are previously treated with one type of stressor agent and subse. 
quently exposed to another type of damage, the second exposure tends to cause 
a sharp decline in tissue-metabolism.* This may be another example of 
“crossed sensitization” at a time when specific resistance became high as q 


result of adaptation.** 


Stimuli Influencing the Basal Metabolic Rate During the G-A-S 


Hypophysectomy causes a very pronounced fall in B.M.R.; anterior-pituitary 
extracts have the reverse effect. The rise in B.M.R. caused by impure anterior- 
lobe preparations is largely due to their thyrotrophin and corticotrophin con- 
tent, but other metabolism-stimulating principles may also be involved.2* The 
undoubtedly very important réle of the pituitary as a regulator of basal meta- 
bolism during the G-A-S has not yet been studied. 


It is noteworthy that although bilateral adrenalectomy causes a fall in 
B.M.R., the decline is less pronounced than after hypophysectomy.** Experi- 
ments on the rat show that although unilateral adrenalectomy causes no 
change in the B.M.R. under normal conditions, it almost completely prevents 
the rise which would otherwise occur upon exposure to cold for 2-72 hours. 
From this it was concluded that: “One adrenal suffices for the quiet life of the 
ordinary laboratory rat, but two of them are a distinct advantage and may 
be necessary in certain prolonged stresses”’ 25 


In animals which are not exposed to systemic stress, adrenaline causes 4 
marked though brief elevation of the B.M.R.*° Conversely, adrenergic blockin 4 
agents diminish the B.M.R., but attention has been called to the possibility 
that this may be due to their non-specific stressor effect since a decrease 
the metabolic rate is characteristic of the shock-phase of the A-R.” 
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Corticoids cause little, if any, change in themselves, but tend to restore the 
subnormal B.M.R. of the adrenalectomized animal to normal.** The possible 
influence of exogenous adrenaline and corticoids upon the B.M.R. has not yet 
been examined during the G-A-S. It is very probable, however, that discharge 


into the blood of endogenous adrenal hormones (medullary and cortical), 
plays an important part in combatting the fall in B.M.R. which is normally 
caused by acute systemic stressors. It is presumably the lack of this defensive 
reaction that is responsible for the precipitous fall of the B.M.R. in adrenalec- 
tomized animals expoced to alarming stimuli. 


Thyroidectomy does not interfere with the immediate elevation of the 
B.M.R. (or the accompanying rise in body-temperature) seen after a few 
hours of exposure to cold.2® On the other hand, thyroidectomy inhibits the 
persistent rise in B.M.R. normally occurring in rats after weeks of exposure to 
a low surrounding temperature. Significantly, this rise is accompanied by a 
great proliferation of thyroid tissue.% Presumably in the early stages of 
exposure, the adrenal, in the later stages, the thyroid, play a prominent réle 
in the defense against cold. 
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BODY TEMPERATURE 
Systemic Stress 


Hypothermia has been recognized as a characteristic n of the gh 
phase in the first publications on the A-R; it proved to hb: rather Consts,, 
phenomenon seen upon treatment with toxic doses of vari. drugs and ha 
mone preparations, muscular exertion, spinal-cord transecti: te. C oversee 
fever is probably a counter-shock-phenomenon;? its usefulness in raisin nae 


specific resistance, especially against micro-organisms, h..< trequently been 
emphasized.* 

The initial hypothermia has subsequently been confirmed in the rat afte 
intraperitoneal injection of hypertonic glucose * and certain bacterial vaccines: 
In all these conditions other A-R-manifestations, especially adrenal enlar mi 
ment, were simultaneously present. Allegedly special “adreno-hemorrha tc 
and hypothermic factors are present in certain groups of micro-organisms” | a 
--. "One injection of bacterial vaccine or of normal serum and Plasma from 
rabbits or from guinea pigs was followed by a period of non-specific resistance 
to the injection of bacteria that contained the hypothermic and hemorrhagic 
factor”.° The non-specificity of this response suggests that here again we are 
dealing with an example of crossed resistance. 

The particularly pronounced hypothermia produced by spinal-cord-tran- 
section in rats is often mentioned in papers on the A-R. It must be kept in 
mind, however, that here, in addition to the systemic stress-effect, there is a 
more specific influence upon thermo-regulation, because the connections be- 
tween the vegetative centers and the caudal part of the body are severed. 

In man, hypothermia is commonly seen after extensive traumas,’ severe 
burns,® nervous shock,” anoxia,” and other systemic stress-producing proce- 
dures. 

Severe chronic undernourishment ~ such as occurs for instance during 
famines or among the inmates of concentration camps — also causes hypo- 
thermia; this is occasionally interrupted by fever, even in the absence of a 
demonstrable infection. Much has been written about this “lability of the 
temperature", but the underlying disturbance is stil] obscure." 


inhibited by hypophysectomy in animals and by spontaneous hypophyseal 
or adrenal failure in man,18 


Stimuli Influencing the Body Temperature During the G-A-S. 


Numerous observations have clearly demonstrated, that the ability of the 
organism to counteract the hypothermic effect of systemic stress is greatly 
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elimination of t! 


during the shock-p 
temperature. 
adrenalectom 
atropine, quir 


temperature ; adrenalectomy, It was therefore assumed that the fall in 
heat-producti nay depend upon the action of acetylcholine upon combustion 
in muscle. must remember, however, that all stressors, if sufficiently 


intense, caus 


pothermia after adrenalectomy, hence the above data do not 
suffice to im] 


acetylcholine specifically in this derangement of heat- 


regulation. 

Unlike adren ‘ine, treatment with corticoids offers excellent protection against 
the hypothermia induced by exposure to cold in adrenalectomized rats. Indeed 
this effect was found suitable to serve as the basis of a bioassay technique for 


corticoids.’* Curiously, in adrenalectomized tats less than 16 days of age, 
corticoids do not offer protection against this kind of hypothermia; hence it 
has been assumed that these steroids influence body-temperature through some 
mechanism which is not yet developed during the first few weeks of life.8 

In intact animals adrenaline, given in moderate doses, increases the B.M.R. 
and tends to raise body-temperature, while in shock-producing quantities it 
causes hypothermia. It is not very effective in antagonizing the hypothermia 
of the shock-phase at any dose-level1® On the other hand, adrenergic 
blocking agents appear to reduce the hyperthermia produced by pyrogenic 
material in dogs. This inhibition is attributed to the blocking of adrenergic 
cutaneous vasoconstriction.” In this sense, adrenaline may play a réle in the 
production of fever by other systemic stressors as well. 

Corticoids cause no significant change in temperature in the normal intact 
animal,*! but fever induced by various spontaneous diseases is effectively com- 
batted by cortisone in man. 

The nervous system plays a particularly important réle in regulating the 
body temperature when homeostasis is threatened by exposure to stressors. 
Through the hypothalamic centers the vegetative nervous system influences 
the production and loss of heat. This is accomplished mainly through the 
fibers responsible for cutaneous vasoconstriction and the activity of the viscera, 
Peripheral vasoconstriction — and in furry animals the creation of a protective 
air-coat by pilomotor-contraction — prevents the loss of heat; increased 
glandular or smooth-muscle activity augments heat-production. In addition, 
the splanchnics regulate adrenaline-secretion and the nerves of the skeletal 
muscles can greatly augment thermogenesis as a by-prody t of muscular \ 
or shivering.*® No doubt all these nervous n I 
importance in determining the body-tempe: 
its diseases, 
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CARBOHYDRATE METABOLIsy 


In emergency situations glucose is the most important «, UECE Of im 


available energy. Both the central nervous system and {h- muscles are watt 
entirely dependent upon glucose for the performance of their function, 
neuro-muscular activity certainly plays a very importan‘ réle during the vad 
and flight” reactions of animals under stress. Purthermore, carboh ait 
may be required as a source of energy for the repair and “Jeneration of injure 


tissue, for heat-production during the shock-phase when the body-temper 
tends to fall due to defective thermo-regulation, etc, In contrast to ig 
proteins, carbohydrates do not tend to yield toxic metabolites, even if aa 
large amounts are suddenly catabolized. Hence, the utilization of glucos 
by the peripheral tissues, proceeds satisfactorily even if severe shock inte 
feres with the hepatic detoxification and renal elimination of metabolic ee 
products. Therefore in acute emergencies the organism calls primarily abel 
its carbohydrate reserves and first of all among these, upon blood glucose. 


Blood-Sugar 
Systemic Stress 


The above considerations led us to give special attention to the blood-sugar 
changes characteristic of the G-A-S. Our earliest animal-experiments along 
these lines had already revealed that a variety of rather non-specific stressors 


similar glycemic curves, Immediately upon exposure (during the shock-phase 
of the A-R) there is a hyperglycemia, whose magnitude is largely determined 


If Wwe peruse the pertinent literature ~ always remembering that any 
Specific glycemic actions of the stressors must be subtracted from the tot 
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rge with a correspo Y pronounced initial hyperglycemia, gen 
line-hyperglycemia depends upon the available hepatic glycos™ 
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reserves, (3) comparatively few observations have been carried through all 
three stages of the G-A-S until death in the stage of exhaustion. Most obser- 
vers merely report blood-sugar variations during an intense, single, short- 
term stress; this either ends in death during the shock-phase or in complete 
recovery after the counter-shock-phase because it is not prolonged enough to 
elicit the stages of resistance and exhaustion. 
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Blood-sugar changes (expressed in mg. %) during the G-A-S in rats chronically exposed to 
cold. In this experiment, the intensity of the cold was such that death ensued after 21 days 
of exposure. Following a brief initial rise during the shock phase (adrenaline-hyperglycemia), 
there is a decrease in the blood-sugar (solid line) level. In the counter-shock and resistance 


Trauma. — The initial hyperglycemia is particularly pronounced and 
prolonged following traumatic injuries to the intestines and other intra- 
peritoneal interventions.2 Perhaps here glycogenolysis is especially intense 
due to incidental hepatic injury caused either by mechanical trauma or by 
toxic substances which might reach the liver through the portal circulation 
after traversing the damaged intestine. 

But even in other types of clinical and experimental traumatic shock 
(including tourniquet-shock and allied conditions) the initial hypergl cemia 
is usually very pronounced and prolonged;* perha f C ir 
the increased glucose-requirement of anoxic e 
ee — 
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glycogen stores are depleted, the secondary eee omic Phase eNsues « 
has been emphasized in several pertinent apt ead bs ycemic tes Ne h 
accompanied by other manifestations of co ile that its Course ; be. ‘ 
tially the same, irrespective of the type of tra : - inj inflicted : seen, 
of muscles, handling of intestines, leon fe : a Even the stig 
deep anesthesia preceding a major surgical opera * as often been ie of 
raise the blood-sugar, but a further rise ensues during the 


subsequent intervention.® 

In previously fasted rats, whose hepatic glycogen-rese: . 
the time of trauma, the initial hyperglycemia is slight o: absent ao 
glycemia develops rapidly.® 


Hemorrhage. — Claude Bernard was probably the first to Point out tha 
hemorrhage causes hyperglycemia." This has subsequently often been co ; 
firmed.’ It is noteworthy that in the dog it occurs only when sufficient amauge 
of blood are removed to elicit other biochemical changes characteristic of the 
A-R.® 

Burns. — Severe burns in man likewise cause an immediate rise ip blood. 
sugar as judged by clinical experience,” again simultaneously with the develop. 
ment of other biochemical and morphologic manifestations of the A-R. 


Ionizing radiations. — After x-irradiation some investigators noted an 
increase," others a decrease !2 or irregular variations 1° in blood-sugar, Sys- 
tematic investigations of the glycemic level at different time-intervals after 
exposure to X-rays, revealed that usually an initial increase is followed bya 
hypoglycemic phase;1* thus the changes are similar to those seen after exposure 
to other stressors. More recent investigators specifically emphasized that 
these blood-sugar variations, as the other manifestations of the radiation- 
syndrome, are strikingly similar “to the non-specific (alarm) reactions to a 
variety of diverse toxic agents given in sub-lethal amounts’’.15 


Nervous stimuli. ~ The effect of nervous and emotional stress upon car- 
bohydrate metabolism has received so much attention that it is hardly neces- 
Sary to insist upon it here. Nervous and emotional stimuli are most effective 
in causing sympathetic, adreno-medullary and parasympathetic stimulation. 
The former two tend to raise the blood-sugar through adrenergic glyco- 
genolysis, while the latter causes hypoglycemia, perhaps by stimulating insulin- 


secretion. Depending upon conditions, one or the other of these effects 
prevails,16 


In connection wi 


th the interpretation of certain psychiatric disturbances 45 
diseases of adaptati 


On it is noteworthy that hypoglycemia and its accompanying 
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symptoms sometimes appear to be secondary to personality difficulties; in such 
cases they disappear upon effective psychiatric treatment.!7 It is much more 
common to observe psychic derangements which are the results of a primary 
hypoglycemia, e.g., in hyperinsulinism 8 

Muscular exercise. — Experiments in the rat showed that in the event of 
forced musc1 work the initial hyperglycemia may be negligible; conversely, 
the hypog!) \ during the later part of the shock-phase is often particularly 
severe, pré bly because especially large amounts of glucose are utilized for 
muscular wor! Observations on man revealed that brief, strenuous exercise 
invariably increases the blood-sugar, while longer periods of intense work 
usually cause hypoglycemia.2® 

Here the ific blood-sugar decreasing effect of muscular work is appar- 
ently superimposed upon the characteristic blood-sugar curve of the G-A-S. 
This is often the case whenever the alarming stimulus exerts a specific effect 
upon the blood-sugar. Thus, for instance, if insulin or adrenaline is used to 
produce systemic stress, the respective hypo- and hyperglycemic actions of 


these agents are so intense that they completely overshadow the blood-sugar 
variations typical of the G-A-S itself. Nevertheless, it is often possible to 
detect the typical glycemic curve of the G-A-S even if a stressor is used which 
exerts a pronounced specific influence upon the blood-sugar. 


Anoxia and reduced atmospheric pressure. — Lack of oxygen also causes 
hyperglycemia.*! It was possible to demonstrate in the dog and rat that this 
occurs only in non-adapted or “deacclimatized”, but not in adapted animals.?? 
Experiments in the rat suggested, however, that under certain experimental 
conditions, repeated exposure to brief anoxia (or electro-shock) may sensitize 
the ‘‘sympathetico-adrenal system” so that upon repeated exposure the animals 
ceact with increasingly more pronounced hyperglycemia. Repeated insulin- 
shock exerted an opposite effect in this series.23 In another experiment, short 
periods of anoxia increased adrenaline-hyperglycemia and decreased insulin- 
hypoglycemia, while prolonged anoxia acted inversely. An evaluation of all 
these data would have to take into account, not only the specific properties, 
but also the relative intensity of the stressors used for adaptation and for 
eliciting the response. In fasted rats the initial hyperglycemia produced by 
anoxia is followed by the typical hypoglycemia of the late shock-phase.?5 

Diet. ~ In fasting rats we found no initial hyperglycemia because this 
stimulus is not sufficiently acute to cause an important emergency-discharge of 
adrenaline. On the other hand, the hypoglycemic phase is well marked since 
starvation specifically tends to decrease the blood-sugar. However, after about 
four days of fasting, the blood-sugar rises again, presumably as a result of 
counter-shock phenomena. This has been called “‘fas ; 
at least in part, it is probably due to the libe 
Significantly, exposure to other types of 
muscular exercise) during a period of cc 
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nce of the secondary hyperglycemic pea — Ep at 
ee ae increase the adreno-cortical polar gesiaen re Hi < % Pry 
nagar ane and “fasting eign kal * adrenalectomis’? V/ le —~ 
animals, hence the rise in blood-sugar under appears to depe d i, 2 
i f corticoids.?™* nd | HYPOPHYSIS | 
upon the secretion 0 cae ee teoncentrat; | me FE 
During severe undernutrition in man a? a aes “4on-camps) th \ \ ig | 
blood-sugar may fall to very low levels ane’ spe'ls 0° hypoalycemic coma tent 2 E | 
to occur.%* Fainting and patel byprention bic ncn are comma i J < 
complaints among starving people, but ahi suc E frangements Are Often = ‘ 
accompanied by hypoglycemia, they are not always the result of it In gig 3| ; " 
starved patients glucose-tolerance is increased while edtenaline-hyperaiaaam 4 , z 
is inhibited,2® presumably due to a depletion of the glycogen-stores. It must ow chs ‘ 
be kept in mind, however, that a short period of carbohy drate-restrictig, = Ai x eS | 
decreases glucose-tolerance — especially in undernourished PeTSONS — to such ss fe 
an extent as to simulate diabetes.” Thus the diet taken before exposure tg | Keg 


systemic stress may considerably modify the response to the latter, 


Other stressors. — Essentially similar glycemic responses have been found 
to occur under the influence of induced hyperthermia,*’ toxic defibrinated 
blood,*! anaphylactic shock,*? metrazol,** electro-shock,** and various other 
damaging agents.** The same is true of a variety of spontaneous diseases 
accompanied by the biochemical changes and vascular failure described as 
“medical shock"’.*° The Exton-Rose glucose tolerance test may likewise reveal \ 
an almost diabetic response, for instance in infectious diseases.36 
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Injection of urea (or urea-producers, amino-acids, peptones) causes hyper- 
alycemia in the rabbit. This and other observations led to the view that 
azotemia itself tends to raise the blood-sugar in conditions of systemic stress,*" 
but there are many exceptions which are inconsistent with such an assumption, 


The initial hyperglycemia, followed by hypoglycemia, which usually precede 
the development of permanent diabetes in alloxan-treated dogs ** and rabbits ® 
strikingly resembles the blood-sugar curve of the G-A-S. Similar glycemic 
variations have been produced with high doses of uric-acid in rabbits, whose 
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blood-glutathione had previously been diminished by dietary means.*” (Cf. 3 
glutathione metabolism). However, this action appears to be inconstant and jets oar pa Z 
highly subject to individual variations.4° The corning niente to > 

Some,*! though not all 4 investigators believe that during the process of Hine iene ge z 
inflammation, protein-catabolic processes and gluconeogenesis increase within essarily limited to a certain a 
the area of damage. This is noteworthy in connection with the previously- Pees 2s: Sremang) 


through unknown pathways 
there is at first stimulation 
of the sympathetic nerve 
centers in the hypothalamus. 
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i iaae thea 68 4 serves. The latter e due partly to the direct effect of 
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Severe trauma to one limb results ina pena fall in the conta 
of glucose in the venous Sion peaming from “ ae amb, as Compare i 
the arterial blood going into it.** This, as well as observati NS On angig, . Wit 
dogs,** on eviscerated rats 45 and many other data a? ‘ed in the lite atu, _ 
support the view that damaged tissues need more than the normal anes 
sugar, hence, increased gluconeogenesis (due to increase rmation o i of 
corticoids ?) is probably a beneficial response to traun nd likely Tuco, 
resistance to it. It is quite possible that the aggravation of < betes by infe taj 
and other types of incidental stress may be due to a temporary defensive 
production of gluco-corticoids, or a sensitization of the body :4 their diabetog 
action.** Jeni 

Observations on dogs during traumatic shock revealed that at the heigh 
systemic stress the glucose-concentration in the hepatic veins is higher than of 
the portal veins; that is, the liver discharges glucose.*8 This agrees with oad 
evidence cited in this book to show that the hepatic paren: hyme is the nal 


source of glucose during stress. 


Stimuli Influencing the Blood-Sugar During the G-A-S 


Systemic stress. — The glycemic curve characteristic of the G-A-s has 
already been discussed above. Let us merely add here that if a 
chronically exposed and adapted (resistant stage) to one stressor, and its 
blood-sugar is stabilized at or slightly above the normal level, exposure to a 
different kind of stressor usually causes marked hypoglycemia. Thus, for 
instance, formaldehyde treatment in animals highly adapted to cold, or 
exposure to low temperature of animals highly adapted to formaldehyde, 
results in unusually pronounced hypoglycemic responses. This has been re- 
garded as an example of the specialization of adaptation at the cost of adapt- 
ability to other agents (“crossed sensitization’) .49 


N animal jg 


Blood-sugar changes in hypophysectomized rats 
during the G-A-S produced by exercise or 
cold. Note that hypophysectomy decreases 
adaptability so that the G-A-S is “telescoped” 
into a brief six-day period under the conditions 
of this experiment: yet the three stages are 
again clearly distinguishable: hypoglycemia, 
during the A-R, return slightly above normal 
during the stage of resistance and secondary 
hypoglycemia during the stage of exhaustion. 

e greatly shortened stage of resistance if 
the adrenalectomized and hypophysectomize 
eee animal clearly show that adrenal and hypo 
physeal hormones are not indispensable for 
adaptation but they prolong the period during 
which resistance, to uniform and continuous 
exposure, is possible. 

(After H. Selye: J. Clin, Endocrinol. 6, 117. 1946.) 


Hypophysis. — The effect of hypophysectomy upon the blood-sugar response 
y the same as that of adrenalectomy (see belo 3 
sent and replaced by a particularly pronounce’ 
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hypoglycemia during the stage of alarm. This is followed by a return to, or 
slightly above, normal levels in the stage of resistance, but the length of this 
stage is greatly reduced in the absence of the hypophysis. During the stage of 
exhaustion, death occurs in severe hypoglycemia. Curiously, the initial 
“adrenaline hyperglycemia” js also eliminated by hypophysectomy, but this 
may merely jue to a depletion of the hepatic glycogen reserves upon which 
the hyperglycemic action of adrenaline depends. The greater tendency of the 
blood-suga rise above normal during the resistant stage in hypophysec- 
tomized th n adrenalectomized animals suggests that some cortical function 
is preserve: r ablation of the hypophysis. 

It is est illy interesting that after adaptation, even such stressors as 
exercise or exposure to cold — which markedly increase carbohydrate-utiliza- 
tion — can be tolerated without hypoglycemia and indeed may be accompanied 
by hyperglycemia even in the hypophysectomized animal. ‘These experiments 
are not in accord with the assumption that the characteristic disturbance in the 
carbohydrate-metabolism of the hypophysectomized animal is an inability to 
regenerate blood-sugar from endogenous sources’.®! Of course some deficiency 


in gluconeogenesis undoubtedly exists after hypophysectomy, but apparently 
this can be largely overcome by adaptation, Presumably the peripheral tissues 
“learn” to use less sugar and/or to make glucose from non-sugars without 
hypophyseal hormones. Unless very mild stressors are used, however, hypo- 
physectomized animals respond with fatal hypoglycemia to most alarming 
stimuli and death prevents the development of the secondary hyperglycemic 
phase. 

Hemorrhage also causes hyperglycemia in the intact but hypoglycemia in the 
hypophysectomized rat.5? 

Infection with T. Lewisi likewise produces hypoglycemia, e.g., in rats deprived 
of their pituitaries. It was concluded that “since the parasites in the blood 
utilize sugar which cannot be replaced, it is inevitable that a critical hypo- 
glycemia will occur’’.53 However, in hypophysectomized animals such hypo- 
glycemia is produced by most types of stressors, hence this change cannot be 
specifically ascribed to sugar-consumption by the parasites themselves. It is 
evidently the non-specific effect of systemic stress as such. Let us incidentally 
re-emphasize in this connection that, according to our previously mentioned 
experiments, some degree of gluconeogenesis is possible, even in the absence 
of the hypophysis so that consumed blood-sugar can be replaced, albeit at 
a slow rate. 

These experiments with T. Lewisi serve to illustrate the difficulty of distin- 
guishing between specific and non-specific effects in certain instances, It is 
undoubtedly tempting to assume that sugar-utilization by the parasites is 
Tesponsible for the hypoglycemia unless we realize that in hypophysectomized 
animals most other systemic stressors act in the same m ’ 
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totrophic anterior-lobe extracts can ary ae eet — 4 
actions." The mechanism of these e fe s = ir possible Participne? 2 
the G-A-S, have not yet been fully elucidated. Diy 
Purified ACTH likewise causes hyperglycemia and glycosuria na 
and in rats.** Both the hyperglycemic and the 0 a effects of the hat z 
are greatly augmented by a igh OE aati e."" Indeed the orton 
trophin-pretreated human being ** or rat cea. to glucose with ia 
type of blood-sugar curve. In normal man. may also induce a re 


insulin resistance ** and in children with “familial hypoglycemia” it tende 
restore the blood-sugar towards normal." tj 

Curiously, the hyperglycemic action of corticotrophin ‘S Most effective 
inhibited by treatment with reduced glutathione in man. This hag hone 
ascribed to an “improved performance of those systems which sell 
free sulphydryl groups for their normal function’, e.g., the rene tubule 
reabsorption and the utilization of glucose. Both the augmentation oft 
alimentary hyperglycemia by corticotrophin, and the selective inhibition of die 
latter's glycemic action, are additional examples showing that the effects of 
hormones produced during the G-A-S largely depend upon cond itioning facton 
Observations of this type help us to understand why the “‘diseases of adapta. 
tion”, though always due to derangements of the same G-A-S, may assume a 
manifold aspects. 

Posterior-lobe extracts (vasopressin) also raise the blood-sugar, but their 
participation in the glycemic changes during the G-A-S has not been proven,!! 


Adrenals. — Adrenalectomy does not significantly influence the blood-sugar- 
level under resting conditions. However, during fasting or systemic stress, the 
adrenalectomized animal readily develops marked, and often fatal, hypo- 
glycemia." This abnormal response is almost exclusively due to cortical 
deficiency, since, at least in the rat, a few days after enucleation of the 
medulla, the glycemic response to fasting is again approximately normal.® 

In agreement with this view, most alarming agents which increase the blood- 
sugar of intact animals, fail to do so after adrenalectomy. In fact, in the 
absence of the adrenals these same systemic stressors usually cause a pro 
nounced, and often fatal, hypoglycemia. This is presumably due to the fact 
that liberation of adrenaline and of gluco-corticoids is largely responsible for 
the hyperglycemic response to systemic stress. Yet, other factors must also 
be involved. In animals previously adapted to certain stressors, subsequent 
exposure after adrenalectomy did not cause fatal hypoglycemia, compara 
to that elicited by the same agents in adrenalectomized, but not previously 
adapted controls."* Apparently, during the stage of resistance, carbohydrate 
metabolism readjusts itself so that adrenal hormones become less important i 
the maintenance of the blood-sugar. 


**8Gaarenstroom et al. B39096/49. 

** Conn et al. B29612/48, B46372/48, 
Hoffman et al. B23331/48, 

RA Sayers et al. B37710/49, 
Bergner and Deane B23875/48, 


and Anderson B46271/49, B45948/49, 


Sprague et al. B46430/50. 
se Coustanitioides et al. B38913/49- 
598Mason ct al. B17986/48. i 
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Unlike in the intact rat, traumatic shock also causes hypoglycemia after 
adrenalectomy. Cortical extracts, in doses which in themselves have little effect 
upon the blood-sugar-curve, reverse this response to trauma so that hyper- 


glycemia ensues. This means that shock-hyperglycemia is not “mediated” 
through the enals (and is not due to adrenaline or corticoids alone), but 
depends upor conjoint action of gluco-corticoids and systemic stress. The 
effect of th: r might be due to substances produced in the course of the 
catabolic imp 
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Whole blood chloride and blood sugar changes in adrenalectomized rats, during the general- 
adaptation-syndrome. Note that in the adrenalectomized animals, the initial hyperglycemia of 
the alarm reaction fails to develop while the hypoglycemic phase is particularly pronounced. 
The entire general-adaptation-syndrome is “telescoped” into a brief five-day period but the 
three stages are still distinguishable. The first (alarm reaction) is characterized by hypoglyc- 
emia and hypochloremia, the second (stage of resistance) by a return of these values to normal 
and the third (stage of exhaustion) by a second period of hypoglycemia; this third stage ends 
in the death of the animal. (Alter H. Selye: J. Clin. Endocrinol. 6, 117, 1946.) 
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As we shall see later, lactic-acid production is increased in traumatic shock 
and corticoids raise the blood-sugar only in the presence of the liver. It jg 
tempting to assume therefore that in shock after adrenalectomy, the blood-sugar 
decreases because the lactic acid produced fails to be resynthetized into 
glucose.** 

The adrenal-medulla also participates in the regulation of the glycemic 
response, although much less markedly. After destruction of the medulla in 
dogs, the hyperglycemia caused by trauma was slight or absent.67 However, in 
such experiments, it would be difficult to avoid some incidental cortical injury. 

Hemorchage, which causes hyperglycemia in intact animals fails to elicit this 
response and may even produce hypoglycemia after adrenalectomy.®* 

The hyperglycemia caused by the especially intense general-stress associated 
with electro-shock in the rat is not entirely prevented by adrenalectomy 
perhaps because of excessive sympathin-discharge. 


It is especially noteworthy that even intense muscular exercise, which cer- 
tainly consumes much glucose, can be performed by a trained adrenalectomized 
rat without the development of hypoglycemia.” Interestingly, large panto- 
thenic-acid supplements protect even untrained rats against the hypoglycemi 
action of exercise (swimming) and prolong their life-span.7 


initial hypoglycemia (sta 
to, or slightly above, n 
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adrenaline), there is no marked hyperglycemia in the stage of resistance (lack 
of gluco-corticoids), and the entire G-A-S is “telescoped” mainly due to the 
fact that the stage of resistance is extremely short.72 : 
Adrenalectomy (or adrenal demedullation) inhibits or reverses the normal 
hyperglycemic response to emotional excitement in the rat. This was ascribed 
to a predominance of the “vago-insulin” over the “‘sympathetico-adrenal” sys- 
tem. It was assumed that stress normally stimulates both insulin (through 
the vagus) and adrenaline (through the splanchnic) secretion, but after adrenal- 
ectomy the former effect predominates and the blood-sugar falls.7? However. 
since stress causes hypoglycemia even in the pancreatectomized-adrenalec- 
tomized animal,"* excess insulin production can hardly be the sole cause of 


this type of hypoglycemia, 
The normal, hyperglycemic response to acute anoxia is also characteristically 
reversed by adrenalectomy in the rat.” This abnormal response is not influenced 


by riboflavin-supplements.7® 


In mice rendered mildly diabetic by alloxan, injection of killed typhoid 
organisms aggravate the hyperglycemia. This response is prevented by adrenal- 
ectomy, but since it is restored by a fixed daily amount of cortical extract, it is 
not mediated by the increased endogenous production of corticoids.’? Pre- 
sumably we are dealing with the same kind of conditioning by gluco-corticoids 
to the hyperglycemic action of stress as that previously discussed in connection 
with trauma. 


Adrenaline causes a rapid and pronounced but transitory hyperglycemia 
due to its ability to transform hepatic glycogen into glucose. The initial hyper- 
glycemia during the shock-phase is probably due to adrenaline discharge. 
This would explain the absence of the initial hyperglycemic response after 
adrenalectomy (see above) and in individuals whose hepatic glycogen stores 
are low. Yet even after complete evisceration, adrenaline decreases glucose- 
tolerance in the rat; hence it was concluded that the effect of the adrenal- 
medulla upon carbohydrate metabolism during stress is not solely mediated 
through the liver.77 


The hyperglycemic effect of adrenaline is increased during the A-R, but in 
the resistant stage the results so far obtained were inconsistent,” Under 
conditions of brief, mild anoxia the effect of adrenaline upon glucose tolerance 
is not markedly altered 7** and there are no data available concerning the effect 
of adrenaline upon the blood-sugar during the stage of exhaustion. 


The gluco-corticoids cause increased gluconeogenesis due to the production 
of glucose from non-sugars in the liver. Their action is slower and more 
Persistent than that of adrenaline. Unlike the latter, they do not merely 
transform glycogen into glucose, but actually inc tl 
content of the body. They are presumably c 
hyperglycemia during the counter-sh 
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these hormones increase OF : 

cemic action prevails. — 
spa the cortical hormones can thus exert a pains influence a 
h eedougse since both insulin-hypoglycemia and a Begetin ‘hyperglycemia 
pear ] extracts rich in gluco-corticoids.™ The effect of aon 


inhibited by cortica ag - roc ee 
Kee upon the glycemic response to anoxia is variable and presumably again 
depends upon conditioning factors which may accentuate either gluconeg. 
mae from non-sugars or the transformation of blood-glucose into hepatic 
lycogen.’™ : . : 
py nen on partially hepatectomized rats showed that after removal 


of 85% of the liver tissue, fasting causes pronounced cena which may 
be completely inhibited by cortical extract. On the other hand, the decrease 
in blood-sugar produced by complete hepatectomy is not significantly influenced, 
even by very large doses of such extracts. This finding makes it probable 
that corticoids merely stimulate hepatic gluconeogenesis, but do not inhibit the 
utilization of the circulating blood-sugar.*° 

Long continued pretreatment with DCA interferes with the normal hyper- 
glycemic response to stressors (e.g., cold, trauma, exercise, drugs). Presum- 
ably, the resulting compensatory atrophy of the adrenal cortex prevents the 
production of gluco-corticoids, which would normally occur under such con- 
ditions.*' The great insulin sensitivity of DCA-treated rats is probably also 
due to this compensatory adreno-cortical involution." 

Kidney. — The RPS, which are so important in connection with other reac- 
tions to systemic stress, do not appear to exert any marked specific influence 
upon carbohydrate metabolism. Hence, they are not likely to play a major role 
in the characteristic glycemic reactions which occur during the G-A-S. 


Pancreas. — An acute inflammation (for instance that caused by turpentine- 
injection into the pleural cavity) is allegedly accompanied by a marked local 
gluconeogenesis, in the pancreatectomized dog. It was thought that the 
surplus glucose, formed in the inflamed area, comes from products of local 
protein-breakdown and diffuses into the circulation, thus aggravating the 
pre-existent hyperglycemia. This, it was felt, could explain the greater insulin- 
requirements occasioned by inflammation in diabetic animals and man.** How- 
ever, the above conclusions were based merely on comparative determinations 
of glucose, N.P.N., etc., in empyema fluid and in blood. Since the cell-content 
of the blood is always much greater than that of the effusion, these experiments 
have been repeated, comparing the concentration of glucose and N.P.N. in 
plasma and the supernatant portion of the pleural effusion. Under these co” 
ditions there was no evidence of any gradient of these substances between 
riot a - Thus, the rise in blood-sugar, which accompanies an infect 
ile eine capa probably not due to gluconeogenesis at the site of microp} 
oe but to increased sugar-formation in the liver, and possibly the kidney 

ich are the only organs known to produce glucose normally.** Inc 
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hases of the G-A-S most types of stressors raise the blood-sugar and there 
jg no reason to assume that infections act through a special mechanism. Pre- 
sumably pancreatectomy merely increases the normal hyperglycemic effect 


i systemic stres 
The hyperglyce 


response itself is more marked after hemorrhage in 


pancreatectomize alloxan-diabetic dogs than in normal controls. Yet 
judged by femo terio-venous glucose-differences, the utilization of sugar 
in the periphery i: > increased.8> 

Since during t! sistance stage of the G-A-S there is a tendency towards 
hyperglycemia, t!: »ct of stress upon the diabetes of partially depancreatized, 
force fed rats hé n systematically examined. It was found that a G-A-S 
produced by repeated formalin injections actually diminishes the glycosuria in 
these animals. It was concluded that “these data do not support the hypothesis 
that activation of the adrenal cortices during stress causes exacerbation of 


diabetes’’.8** 

Curiously the diabetogenic effect of folliculoids (e.g., stilbestrol), which is 
usually quite obvious in partially pancreatectomized rats, gives way, after about 
a month of treatment, to a permanent anti-diabetic, protective action.5®” 

In evaluating these apparently contradictory results, it must be kept in 
mind that stress increases glucose combustion (through its direct effect upon 
the tissues) but at the same time it augments gluconeogenesis from non-sugars 
(through the discharge of excess gluco-corticoids). Presumably, it depends 
upon conditioning metabolic factors which of these actions prevails. The 
well-known fact that in diabetic patients the insulin requirements usually rise 
under the influence of intercurrent infections, intoxications, psychic shock 
and other stressors, strongly suggests that the G-A-S can exert diabetogenic 
effects, probably through the increased production of ACTH and gluco-cor- 
ticoids (cf. also diabetes as a disease of adaptation). 

The hypoglycemic action of insulin decreases during the A-R and increases 
in the stage of resistance,®* but no pertinent observations have been made 
during the stage of exhaustion. After prolonged fasting at the time of the 
“fasting hyperglycemia’ rats are very resistant to insulin, indeed here the 
hormone may cause hyperglycemia. This could be due to increased corticoid 
elaboration during the counter-shock phase of the A-R.** 

It has also been shown that the hyperglycemia produced by traumatic 88 and 
electro-shock is singularly resistant to insulin.*? The increased insulin-tolerance 
seen in patients during the immediate post-operative period after lumbo-dorsal 
sympathectomy, is followed by a secondary stage of increased sensitivity to 
the hormone. This change in insulin resistance was interpreted as a manifesta- 
tion of the adaptation syndrome.” 

Other investigators emphasized that 
there may be hyperglycemia, glycosur 
with a subnormal response to 
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liver damaged by toxine there may bea eo ore a arrier, Which 
separates amylase from its substrate or © c ne — onment, which 
inhibits amylase-activity. In either case nai ye a _? 1 be broken 
down through the abnormal pathway of ape ase “ - ‘ | Y normal 
phosphorolysis. Since only the latter is subject to ee bol : insulin, thie 
could allegedly account for, the insulin-resistance ie aracterist an toxemie 
states.%? It must be kept in mind, however, that g uco-cortic: is’ are potent 
antagonists of insulin and their increased secretion during S might, in 
itself, explain insulin-resistance under such conditions. 

It is interesting that an increased insulin-resistance has also hee n found in 
malignant hypertension, collagen-diseases, active infections, neoplastic diseases 
and psychosomatic disorders,” that is. in derangements in which systemic stregg 
presumably plays an important réle. aa 

Gonads. — It is difficult to understand why ‘the so-called ‘ diabetogenic” 
action of folliculoids — which is inhibited by adrenalectomy ~— reappears jin 


corticoid-treated adrenalectomized animals.® It is possible, but by no means 
proven, that the folliculoids; like trauma and anoxia-(see above), furnish 
metabolites which can be utilized for gluconeogenesis, with the aid of corticoids, 

The literature concerning the above-mentioned influences of the hormones 
upon carbohydrate metabolism is too voluminous and not-sufficiently relevant 
to be discussed in greater detail here, hence the reader is merely referred to 
the corresponding chapters in textbooks of endocrinology.®* 


‘Nervous system. — Nervous stimuli undoubtedly play a very prominent 
réle in the regulation of the blood-stigar during the G-A-S. We have already 
mentioned that intense nervous stimuli can cause particularly pronounced 
systemic stress, and thus can produce a G-A-S. But beyond that, the vegetative 
netvous centers in the hypothalamic region specifically regulate glycemic 
responses through efferent autonomic nerve tracts.°7 In this connection, special 
importance is attached to the following facts: (1) the splanchnics are the 
secretory nerves of the adrenal medulla, they can cause hyperglycemia through 
the discharge of adrenaline; (2) the hepatic branches of the sympathetic can 
cause glycogenolysis through the local liberation of sympathin; (3) the pan- 
creatic branches of the vagus are probably secretory nerves of the Langerhans 
islets and hence can depress the blood-sugar by the discharge of insulin. 
Experiments on cats and-rats have shown-that stimulation of the hypothalamus, 
or even mere emotional excitement (noise of firecrackers, struggle resulting 
from enforced restraint), cause hyperglycemia in the intact animal, but hypo- 
glycemia after denervation of the adrenals or ablation of the adrenal medulla. 
This hypoglycemic response is, in turn, abolished by subsequent vagotomy.” 
Apparently, under the influence of systemic stress, both the sympathetic an 
the parasympathetic nervous system are stimulated; the first tends to raise 


the blood-sugar through (adrenaline-sympathin actions), the second to depress 


it (vago-insulin action). 


It is noteworthy, in this connection, that DEP (di-isopsgmalfammenbesshia 


te) 
which inactivates the cholinesterases, causes severe hypoglycemia in the 
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Observations on psychotic patients lead to the conclusion th 
Beauaua) excitement the insulin content of the blood rises sig 
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discharge over 
effect on the fort 
excitation of th 
such investigation 
vation that the in 
physectomized, 


at during intense 
nificantly without 
al individuals, excitement tends to 
ut no noteworthy rise in the blood insulin. It has been 
eriments suggest that emotional excitement leads to a 
ago-insulin and Sympathetico-adrenal systems, the 
redominating in psychotics, whereas in the normal, the 
r prevails’1 While the fundamental importance of 
vident, the conclusions must be viewed with the reser- 
bioassay method used (glycemic response in the hypo- 
nal-demedullated rat) is not very specific, 


Thyroid. — Observations on thyroidectomized rats indicate that in the 
absence of the th 1 the hypoglycemic phase of the A-R is usually replaced 
by a marked hyperglycemic response. This was confirmed with a variety of 
stressors, such as formaldehyde, cold, muscular exercise and even complete 
starvation.°! The mechanism of this peculiar inversion of response has not 
yet been elucidated; perhaps decreased carbohydrate-utilization may play a 
part during these periods of the G-A-S when gluconeogenesis is normally 


pronounced. In any case, the voluminous literature concerning the influence 
of thyroidectomy upon the supposedly specific glycemic effects of various 
agents will have to be revised, bearing in mind that in the absence of the 
thyroid almost any stressor tends to cause hyperglycemia. Curiously, in 
vagotomized rats thyroidectomy inhibits, while thyroxine increases, the hyper- 
glycemia normally produced by stressors (electro-shock, metrazol, typhoid- 
paratyphoid vaccine); from this it was concluded that “thyroid-hormone 
increases the excitability of the center controlling the sympathetico-adrenal 
system”’.10? 

In completely thyro-parathyroidectomized dogs the rise in blood-sugar 
normally caused by hemorrhage is diminished or absent.1 This was ascribed 
to an inhibition of the adreno-cortical response, but since these animals were in 
tetanic convulsions the resulting depletion of the glycogen reserves may have 
rendered them unable to develop a normal hyperglycemic reaction. 

Administration to rabbits of a single large dose of the antithyroid compound 
dithiobiuret (DTB) causes a marked and prolonged hyperglycemia, but it has 
been emphasized that “the effects on carbohydrate metabolism of DTB may 
be non-specific effects mediated by epinephrine, particularly in view of the fact 
that the specific qlandular changes associated with alarming stimuli have been 
observed in DTB-treated animals”. 


Glucose. — According to Masson 1 it is characteristic both of the A-R and 
Of the resistant stage that the alimentary hyperglycemia, which follows gluc 
administration, is increased. This has been v ie Bere 
4m the rat by exposure to cold, m ex 
Vulose-tolerance may als 

1 ion is impair 
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Ad in qlucose tolerance has also been seen in dogs "? and in om 

ecrease in gluco E Tr hie extre J 

a result of chronic intermittent og eo Prolongey 
hyperglycemia and even glycosuria if pity o @ x to series 
anoxic conditions; some authors refer to this as anoxic dia ) , ‘ 

Comparable changes in glucose-tolerance are produced 4 Fections; ny 
these may account for the increased insulin requirements o etics While 
they suffer from intercurrent infections. 

In patients with hunger edema, glucose-tolerance may be either increased 
or decreased.1!™ “4 . 

During tourniquet shock glucose administration by stomach tube Causes 
extraordinarily high and prolonged hyperglycemic responses in the rain 
In children a post-traumatic decrease in glucose-tolerance is also very pro. 


nounced.!!? None of these studies have been extended to the stage of exhaus. 
tion, but essentially similar observations have been made in the rabbit 113 
during the alarm reactions produced by various other damaging agents, 

In summary, it may be said therefore that glucose-tolerance during the A-R 
is diminished, but the data concerning the later stages of the G-A-S do not 
yet permit definite conclusions. 
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Glycogen 
Systemic Stress 


The changes in glycogen stores which are truly characteristic of stress 
have not yet been systematically studied throughout the three stages of the 
-A-S. A considerable amount of evidence suggests, however, that during 


the A-R the glycogen-reserves tend to fall both in the liver and in the 
muscles. 


Extensive studies on various types of traumatic and tourniquet shock 
revealed that in the rat, simultaneously with the development of other 
manifestations of the A-R, both the liver- and the muscle-glycogen concen- 
tration fall considerably below normal. Even oral administration of glucose 
does not replete them to normal values. This is not due to insufficient absorption 
from the intestine, since ingested glucose disappeared from the gut at approx- 
imately the normal rate in shocked rats. Depletion of liver-glycogen during 
traumatic shock has also been noted in the dog * and in man.3 Experiments 
on rabbits suggest that even an ether or chloroform anesthesia, preceding 
an operation, suffices to cause a marked fal] in liver gly imen” 
with the Noble-Collip drum demonstrate that in th ; 
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pert sums -s the usual depletion of liver- 
occur after aday 
surmise that dur 


, to ea glycogen, but this fails to 
aa een acquired.’ From this, one might 
i stage of resistance the glycogen stores are repleted, 
There are no icerning glycogen reserves during the stage of exhaus- 
tion. However, ondary fall could be expected, not only because other 
manifestations A-R recur at this time, but also because glycogen- 
reserves tend t vhenever the organism is very severely damaged. 
Under the in of burns, the glycogen content of the whole carcass 
diminishes withi ‘ hours in the rat.® Essentially similar responses have 
been noted afte iety of other stimuli causing systemic stress.7 
Contrary to es of systemic stress, exposure to low atmospheric 
pressure increas 'ycogen content of the liver even in the starving rat.§ 
Since the total ca jlycogen also rises under the influence of anoxia, the 


increase in hepati 'ycogen can not be attributed to a mere transfer of 
preformed carbo! ites from other parts of the body into the liver. This 
was especially emphasized ® to show that the rise in the hepatic glycogen- 
stores is not due an adrenaline discharge. While at certain dose-levels 


adrenaline can raise liver-glycogen, it does so merely at the expense of muscle- 
glycogen. Gluco-corticoids also raise the fasting glycogen-level of the liver and 
there are good reasons to believe that the enlargement of the adrenal cortex, 
seen in animals exposed to reduced atmospheric pressure, is accompanied 
by increased production of gluco-corticoids. We shall see later that adrenalec- 
tomy prevents the rise in liver-glycogen normally caused by anoxia. All 
these observations are consonant with the general concept of the G-A-S. 
Anoxia depresses sugar-utilization and — as does any other systemic stress — 
it stimulates the endogenous production of corticoids. It is reasonable to 
assume, therefore, that under the influence of gluco-corticoids much protein 
is transformed into sugar and that the latter — not being adequately utilized 
during anoxia — is deposited as glycogen in the liver.” 

In early stages of shock, due to cardiazol, histamine or peptone, a transfer of 
glycogen from the liver to the muscles allegedly occurs in the dog, but in 
later stages the muscle glycogen stores are also depleted.!! Especially marked 
glycogenolysis occurs during the formation of turpentine abscesses.” 

The initial depletion of liver glycogen induced by fasting in guinea-pigs is 
followed by a secondary rise, which was ascribed to the production of gluco- 
Corticoids.1%* This is reminiscent of the “hyperglycemia of fasting’ (cf. above). 

In the “gravity shock” of the rabbit an initial hyperglycemia is followed 
by hypoglycemia during which the hepatic glycogen-stores become depleted. 


Stimuli Influencing the Changes in Glycogen-stores During the G-A-S 


7 Hypophysectomy prevents the rise in liver-glycogen which no 
10 rats exposed to reduced atmospheric , 
resulting inhibition of gluco-cortic 


Purified corticotrophi 
EVD afc i ( 
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largement caused by this hormone and is presumably duc a MCreaseg 
al ; ticoid production.* The effect of corticotrophin upon the Slycogen. 
gluco-cor has not yet been examined. 


stores of animals under systemic stress 


Adrenalectomy prevents the rise in liver (and total earca s) glycogen 
normally seen in rats exposed to reduced eee pressur e * As previous} 
stated, this is consonant with the concept that here increased | roduction a 
gluco-corticoids and the resulting rise in gluconeogenesis are due to systemic 
stress as such. These factors, conjointly with decreased sugar-utilization ae 
specifically to anoxia, lead to the excessive glycogen-depositio: Adrenalec. 
tomized rats treated with sub-glycotropic amounts of gluco-corticoids also 
showed an increase in liver-glycogen during anoxia.’7 This agrees with a 
view since the factor of decreased sugar-utilization would still be operative. 
We have previously mentioned that the hyperglycemic effect of trauma jg 
greatly potentiated by threshold amounts of cortical extracts in adrenalec. 
tomized rats. Irrespective of our theoretic interpretation of the mechanism 


through which gluco-corticoids augment the glycogen-depositing action of 
anoxia, the above experiments on adrenalectomized rats furnish another 
striking example of a stressor (anoxia) which influences a target (liver. 
glycogen) only in the presence of corticoids, but not necessarily by augnienting 
their secretion. 

Presumably, in the intact animal, hepatic glycogen-reserves can be raised 
by anoxia through a dual mechanism: (1) increased gluco-corticoid-produc- 
tion; (2) peripheral activation of the circulating gluco-corticoids. In gluco- 
corticoid-treated animals this second mechanism remains effective although 
the first is eliminated. In untreated adrenalectomized animals both mechanisms 
are inactivated and the target no longer responds to stress. The diagram 
below, which illustrates this mechanism is very similar to that used to visualize 
the rdle of the adrenal in the regulation of the glycemic response to stress. 
The two pathways are again represented by interrupted and solid lines 
respectively. 

STRESSOR 
(Anoxia) 


2 | 
ADRENAL-CORTEX METABOLISM 
| A 
3 | 
° 
P=] 
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TARGET 
(Hepatic glycogen) 
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Rats, in which systemic stress was produced by burns 2 


i : ee a > ; or mere } 21 
lose their glycoge tores much more rapidly after ere fasting, 


adrenalectomy than other- 


ay slightly dimi : 
wise. DCA = I timinish this loss because it improves the general 
condition of adrenalectomized animals, but only gluco-corticoids (castical 
~ > t .e VIi<e F > ; ; é "e , 
extract, cortisone cause a marked rise in the hepatic glycogen stores of 
he starved adrenalectimozed animal,214 F ) : oe 

. i ralo-corticoid 

While ae o-cortice i = je influence the glycogen stores significantly 
-corticoids ca rked depositi he . in i ; 
gluco p on of glycogen in the liver in intact 


animals. Since thi urs even during starvation 
glyconeogenesis.""" susly, in ascorbic-acid d 
corticoids do not effect." Hepatic gly 


pee : ; cogen deposition also failed 
to occur in rats ch 'y treated with large doses of cortisone This may 
sone. S$ may 


have been due to a 11 ‘daptation to this hormone-effect or to the protein- 
catabolic action of « one that depletes the body of amino-acids from which 
glycogen could be fo 1a 

Insulin treatment has no effect upon the loss of glycogen during traumatic 
shock in rats,** but specially in combination with glucose) it can inhibit 
glycogenolysis in animals with turpentine-abscesses.23 

Glucose administration can not restore the depleted glycogen-stores of a 
rat in tourniquet-shock.** Apparently systemic stress seriously interferes with 
the synthesis of glycogen from glucose, or the ability to fix glycogen in tissues 
even if abundant amounts of sugar are available. “Any theory attempting to 
explain glycogen-depletion during systemic stress must take this fact into 
account. 


, it is presumably due to 
eficient guinea-pigs gluco- 


Glucose ingestion in rats during severe anoxia causes much more pronounced 
glycogen-deposition in the liver (and heart) than in not-anoxic controls. “A 
greatly reduced rate of glycogenolysis and an only partially reduced rate of 
glycogenesis might result in an overall increase in total glycogen storage during 


1 9 


24 hours exposure’’.2° 


Other Sugars 


Among other sugars, especial attention has been given to the serum poly- 
saccharides, which are associated with the serum proteins. Their level is 
significantly elevated in patients suffering from malignant tumors, arthritis, 
cholelithiasis, ulcerative colitis, nephritis, pemphigus, most infections, traumatic 
injuries and x-irradiation. ‘The suggestion is made that elevations of serum 
Polysaccharide are involved in some way with tissue proliferation’2° The 
Possible relationship of this change to the G-A-S would deserve further study. 
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Lactic Acid 


The blood-lactic-acid changes characteristic of the G-A-S hi 


yt yet been 
systematically studied throughout the three ada — ‘lated data 
indicate a pronounced increase during the A-R, with a return towards normal 
as resistance is acquired. When the lactacidemia reaches ve igh levels 


considerable quantities of lactic-acid are spilled over into the e? It hag 


also been shown that the removal of lactate from coronary od, by the 
myocardium, is greatly reduced by a variety of stressors. Ad: ine-release 
may be the common denominator in such situations of severe ss, leadin 
to glycogenolysis within the heart (and liver), with Se egenous oduction of 
lactate as an immediate emergency source of energy...”. 

The above formulation of the lactacidemic curve characteristic of stress 
is mainly based upon observations on traumatic shock, produced by direct 


injury, the tourniquet technique and other essentially related procedures4 
The typical traumatic hyperlactacidemia, is accompanied by an increase in the 
uptake of lactic acid by the liver, as judged by angiostomy experiments in 
dogs.* In the event of long continued exposure to the traumatic effect of the 
Noble-Collip drum, there is an initial hyperlactacidemia with return to normal 
during the stage of resistance.® 

The systemic stress of intense x-irradiation likewise raises the blood-lactic- 
acid quite rapidly.’ This initial rise may be followed by a fall below the normal 
value.® 

Hyperlactacidemia has also been described after hemorrhage in the rat,? 
and during “gravity shock” in the rabbit. It is a characteristic feature of 
the “medical shock” incident to a variety of grave diseases which cause severe 
systemic stress. It occurs after intense muscular work in man ™ as well as 
following exposure to reduced atmospheric pressure and anoxia in man,12* dog ¥* 
and rat.* In man it was found that the hyperlactacidemia of exercise is 
especially intense under conditions of hypoxia. Apparently this action of 
hypoxia is similar to that of other stressors, although its effect upon hepatic 
and muscular glycogen-stores is so different from that of most alarming stimuli 
(see above). This is another illustration of the “dissociation of symptoms , 
which occurs in the G-A-S, if agents are used which exert a prominent, specific 
action on certain target-organs. 
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The very pronoun ed hyperlactacidemia 16 


patients after electro-shock treatment is largely 
rulsions. In rat 
convuls 


he hyperlactacidemia indu 
anied by acidosi an increase in blood 
hat produced ycorticosterone” 


and lactaciduria 7! seen in 
the result of the accompanying 
ced by electro-shock is accom- 
-phosphate and -sodium, “equal 


a ; this is followed by a fall in blood- 


. 18 
potassium.'* 
Emotional excit« 


induced by fear in rats ca 
transient but vei 


uses an almost immediate, 
nounced increase in the b 


rain-lactate concentration, 


This was ascribé ifically to increased brain-activity during nervous 
stress.® It may 1 lated to the G-A-S as such, but seizures induced in 
various species by € means (e.g., anoxia, electro-shock, drugs) caused 
similar rises in br ate, 208 

The rise in bl c 


acid caused by hemorrhage is not prevented by 


adrenalectomy in (| t.°° On the other hand cortical extracts increase the 


lactic acid content e blood as judged by experiments in the dog *° and, in 
view of the marked effect of gluco-corticoids upon sugar metabolism, there 
is no doubt that stress can affect lactacidemia through the adrenal-cortex. 
The marked hyperiactacidemic effect of adrenaline is too well known to 


deserve special consideration here,20 
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Pyruvic Acid 


Pyruvic acid may be regarded as an intermediate compound in the degrada- 
tion of glycogen (and the glucose formed from it) to carbon dioxide and water; 
hence it is pertinent to our discussion of carbohydrate metabolism. Yet this 
Same acid also represents an intermediate in the transformation of proteins 
(and their split-products, the amino-acids) to carbohydrates. It is probable, 
for instance, that gluconeogenesis from protein may, at least partly, occur 
through oxidative deamination of the amino-acid alanine to pyruvic acid, which 
is subsequently reduced to lactic acid. From the latter, the liver can readily 
orm glycogen. 


CH;-CH (NH:)-COOH > CH,-CO-COOH > CH:-CH(O! 
alanine Pyruvic acid L 
pro ail 
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A rise in the blood-pyruvic- and other a-keto-acids is a characteristic 
metabolic corollary of the systemic stress incident to various types of Shock 2 
Comparatively few studies have been undertaken concerning th: metabolign 


of this compound during the G-A-S, but it is already evident that following 
exposure to mechanical trauma, nonadapted animals respond vith a marke 
rise in blood-pyruvic-acid, while in adapted animals, this response jg mild 


or absent.® 

After electric shock therapy there also is a rise in blood pyruvate 4 ang 
large amounts of pyruvic acid are eliminated through the urine.” ‘l’his appears 
to be due largely to the accompanying muscular contractions, especially 
since muscular work itself produces a similar change.® The pyruvate content 
of the brain rises in various species during seizures induced by diverse means.6a 

Adrenalectomy does not prevent the rise in blood-pyruvic-acid which nop 
mally occurs after hemorrhage.’ Yet the adrenals certainly influence the blood. 
pyruvic-acid level during the G-A-S, since both adrenaline “ 
corticoids 7° raise it. 

During stress (fasting, exercise, electro-shock) the lactate/pyruvate ratio of 
the blood is often decreased in patients with thiamine-deficiency, heart-disease 
and various other maladies. It has been suggested that a lactate/pyruvate 
ratio of less than seven is indicative of thiamine deficiency, especially since 
treatment with this vitamin restores the ratio to normal.’ In various diseases 
of children the abnormally high blood-pyruvate levels are also diminished by 
thiamine, since this substance is indispensable for the metabolism of glucose 
and in its absence pyruvate accumulates in the blood.® 


and gluco- 
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LIPID METABOLISM 
Adipose Tissue 


A sudden los tored fat is very characteristic of the A-R-stage. It is 
often accompani i temporary transfer of lipids from the adipose-tissue- 
depots into the liver (cf. below). The “lipoclastic” 
part of the gen: 
accompanied by 


response is merely one 
atabolic reaction which occurs during the A-R; it is 
essentially synchronous exhaustion of protein- and 


carbohydrate-stor: The fat stored in common adipose cells furnishes the 
bulk of the lipid-metabolites discharged into the blood at this time, but it is 
well to remember that the hibernating gland (cf. chapter: Hibernating gland) 
and the adrenal-cortex (cf. chapter: Adrenal) also release their lipids at 


approximately the same time. Presumably, the common adipose cells furnish 
mainly simple fatty-acid-esters, while the hibernating gland and the adrenal- 
cortex contribute lipids having more highly specialized metabolic functions 
(e.g., steroids). 

The almost complete loss of adipose tissue incident to severe inanition has 
often been described. Particularly striking examples of it were found in the 
inmates of various concentration camps who, in addition to hunger, were also 
exposed to the stress of continuous mental anguish.) In this connection, the 
so-called “‘lipophil dystrophy” among returning prisoners of war, is of special 
interest. It was sometimes noted just after hunger-edema had subsided, 
commonly in association with attacks of profuse sweating and increased 
carbohydrate-tolerance suggestive of hyperinsulinism.* Curiously, this tendency 
to deposit excessive amounts of fat was even noted among German troops, 
who, after returning to their home-land, following imprisonment during the 
second World War, were still exposed to partial starvation owing to economic 
conditions existing in Germany. That the tissue stored on such calorically 
inadequate diets is actually fat was verified by biopsy. This change proved 
to be associated with manifold incretory deficiencies suggestive of a hypo- 
thalamico-hypophyseal derangement, which at the same time caused hypo- 
gonadism and impotency. Essentially similar manifestations were seen in 
women and in several cases, these could be traced to an initial psychic trauma. 

ere the adiposity tended to be accompanied by amenorrhea. It was assumed 
that such patients had “learned a saving mechanism which enabled them, after 
their return home, to put on fat on a diet which was still inadequate” 

earning’’ may well be part of the “shift in anterior-pi 
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confused with the pseudo-adiposity of ee Peon hich ti don 
to salt and water retention in the fat sag de ie differentia 
diagnosis of these two conditions is made possible was y | A 

Adiposity is not a constant manifestation of the Cog st ut perhaps 
its development following adaptation to stress depends larg pon cond), 
tioning factors, such as heredity and the diet. . 

Among the stimuli likely to influence the adipose tissue dur the G-A§ 
hormones probably play an important réle. Pustiied growth-h One notor. 
iously decreases the fat-content of the body‘ and a dimin d growth. 
hormone production is an essential part of the ‘‘shift in ant pituitary. 
hormone-production” characteristic of the G-A-S. Hence diminished growth. 
hormone secretion may be a factor in the development of adiposity during 
the resistant stage, after the contrary effect of the catabolic impulse has been 


overcome. The coincident fall in the production of sex-hormones would tend 
to act in the same manner, since it also stimulates fat-deposition as shown, 
for instance, by the classic example of female and male castrate animals or 
man.° . 


Certain corticoids also stimulate fat-deposition, especially in the liver, 
but allegedly to some extent, also in other organs.7 It remains to be seen to 
what extent their effect upon the adipose tissue participates in the G-A-S. 

Very little is known about the factors responsible for the sudden atrophy 
of adipose tissue during the A-R-stage. It does not appear to depend upon 
the hypophysis-adrenal-kidney-system, since stress continues to cause a lipo- 
clastic reaction after the removal of the hypophysis, the adrenals or the kidneys.* 


Liver-Lipids 
Systemic Stress 


The deposition of lipids in the hepatic cells appears to be a characteristic 
manifestation of the A-R-stage although its intensity largely depends upon 
conditioning factor.” (Cf. also chapter: Liver.) 


This has been shown comparatively early in the course of our work on 
the A-R in rats and guinea-pigs subjected to the stressor action of forced 
muscular exercise, cold or formaldehyde injections, especially if they were 
fasted during treatment,1° During long continued, daily, forced muscular 
exercise, the lipids eventually disappear from the liver: their removal is also 
enhanced by fasting. It has been found, furthermore, that the initial lipid- 
deposition is more marked in adult than in young rats and, among animals of 
the same age, it is greater in females than in males, Curiously, the sex-difference 
im Tesponse seems to be relatively independent of gonadal hormones as 
castration does not abolish it.!! Since, simultaneously with the lipid-deposition 


in the liver, the fat-tissue itself involutes, it appears possible that the lipids 
are merely transferred from the fat-cells into the liver,!2 
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Re-examinatior s subject by other investigators confirmed that fat- 
infiltration of the r is a characteristic manifestation of the response to a 
yariety of non-s| Jamaging agents and forms part of the A-R.18 It has 
been experimenta produced by x-ray treatment in the rat 4 and in the 
mouse. It occu toxic infants”,1® as well as following exposure to a 
variety of stress« h as cold," bacterial toxins,15 starvation '® and anoxia.*? 
Occasionally an reaction, that is loss of liver-lipids, has been reported 
after anoxia (a1 stressors),*! but this is presumably due to the fact 
that the reactio most G-A-S-responses, is triphasic and the results 
differ depending the time of observation. 

The preventio 
lipotropic diets * 

Since, at least i 


‘old of the fatty liver normally produced by 
well depend upon this same phenomenon. 
tain animals such 


hypo- 


as the mouse, complete fasting in itself 
causes hepatic fa position, it has been suggested that the effect of other 
alarming agents may merely be due to anorexia of severely damaged indivi- 
duals.22 However, fasting causes much less pronounced fat-deposition than is 
obtained under the influence of more intense stressors and in a summary of the 
pertinent investigations it has been stated that: “exogenous and endogenous 
damaging agents such as colchicine, x-rays, cold and fasting cause a set of 
non-specific manifestations in the organism, which have been called the alarm- 
reaction. Our investigations show that one of the symptoms of this reaction is 
the fatty infiltration of the liver”.*® In men who died from chronic undernutri- 
tion and exhibited typical G-A-S-changes, the liver was often extremely fatty, 
long after the fat-depots were depleted; *4 hence “‘fat-migration” alone, hardly 
suffices to explain the pathogenesis of fatty-livers caused by systemic stress. 


Stimuli Influencing Liver-Lipids During the G-A-S 


Hypophysectomy. — The fat-deposition in the liver which is produced by 
various experimental interventions does not occur after removal of the pituitary; 
this is presumably due to the resulting anterior-lobe deficiency.» Both ACTH 
and somatotrophin raise the liver fat in the hypophysectomized rat.25* 


Anterior-lobe extracts. — The fact that certain anterior-pituitary principles 
(corticotrophin, “ketogenic fractions’) tend to cause fat-deposition in the 
liver is well established on the basis of extensive investigations in various 
animal species.2*> ACTH * and growth-hormone have a similar effect.?% 
However, the participation of pituitary-hormones other than corticotrophin, in 
the genesis of fatty-livers during the G-A-S, has not yet been examined. 
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The production of fatty livers by anterior-lobe extracts does not occur ig 
adrenalectomized rats, but there is no correlation betw een the \( TH tee ee 
other known hormone) content of various preparations and thei: ability : 
produce fatty livers; hence this effect has been attributed to a separate ae 
cok itetap Jester” Since both ACTH and somatotrophin cause some hepatic 
steatosis we must also consider the possibility that marked fatty live: -roduction, 
during the G-A-S, depends upon the simultaneous action of severa| principles, 

Adrenalectomy. — Ablation of both suprarenals prevents th: deposition 
in the liver which normally occurs, after partial hepatectomy, under the influence 
of various non-specific stimuli; *8 presumably because certain corticoids ate 
essential for this response. In animals with intact livers, hepatic [.\ deposition 


during the A-R is similarly prevented by adrenalectomy.”® 


Corticoids. — It has been claimed that in the pigeon DCA increases the 


fat content of the liver *° but no such increase could be obtained with DCA #1 
or with cortical extract in normal rats or mice.** During the A-R, DCA can also 
inhibit fat deposition in the liver, for instance, that occurring in x-irradiated 


mice.** Perhaps here the compensatory atrophy of the adrenal, caused by the 
DCA, interferes with the formation of those corticoids which are in charge of 
fat mobilization. 


Certain crystalline corticoid compounds, such as Kendall’s compounds A 
and B, cause a marked increase in the lipid content of the whole body as judged 
by experiments in the mouse.** It is on the basis of such observations that 
the existence of special “‘lipo-corticoids” has been postulated.* 


Glucose. — Administration of glucose during exposure of an otherwise 
effective stressor, or during corticotrophin-treatment, prevents or inhibits the 
usual fat deposition in the liver as judged by observations on the mouse.% 


Other factors. — Fatty degeneration of the liver has long been known to 
occur under the influence of a multitude of spontaneous diseases in man and 
its association with the G-A-S is now quite well established. Nevertheless, 
it should be emphasized that unlike so many other manifestations of this 
syndrome, hepatic fat deposition is not a constant response to stressors. It 
appears to depend upon all the many factors which affect the mobilization of 
lipids from other tissues, their transfer into the hepatic cell for emergency- 
utilization and their subsequent combustion. Hence. this response is greatly 
influenced by the diet, the fat-reserves, the ability of the adrenal to respond, etc. 
It is presumably due to hereditary differences in these factors that certain 
Species, such as the mouse and guinea-pig, show this change much more 
readily than others. The type of stressor used is also of importance. Among 


those tested in our laboratory, muscular exercise proved to be most effective 
in this respect. 
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Blood-Lipids 
Systemic Stress 


In spite of the it attention given to changes in adren 
the G-A-S,. cor tively few investigators examined 
variations in blo pids. On the basis of the few available data, however, 
the characteristic nse to systemic stress appears to be an initial decrease 
in total lipids and terol during the shock-phase, followed by an increase 
during the count: iock and early resistance phases. Pertinent data con- 
cerning variations during the later part of the G-A-S are quite insufficient 


al lipids during 
the corresponding 


even for tentativ nclusions, 

After traumatic surgical interventions the blood-cholesterol content was 
found to fall below normal in man, irrespective of the type of operation.*7 
A more detailed study, performed on surgical patients immediately after 
operation, led to the conclusion that: “after injury, the various serum lipid 
fractions, total and free cholesterol, lipid phosphorus and fatty acids diminish 


by small but unequivocal decrements. The lipid components are propor- 
tionally affected without distortion such as occurs in liver disease’’.88 

In the rabbit, three hours following a single, severe hemorrhage, the plasma- 
content of phospholipids and cholesterol-esters was decreased by about 40%, 
initial values being reached only after 12-24 hours. The concentration of free 
cholesterol also decreased in the plasma, but to a somewhat lesser extent and 
reached the initial values earlier. The neutral-fat content of the plasma showed 
irregular variations and there was no change in the lipid content of the erythro- 
cytes.*° On the other hand, repeated hemorrhage produces marked hyper- 
lipemia in the rabbit *° and even the drop in blood-lipids caused by a single, 
severe hemorrhage is eventually followed by a marked hyperlipemia.*! This 
secondary hyperlipemic response is subject to great species variations. Thus, 
for instance, in the dog, which can normally eat and quickly dispose of large 
amounts of fat, it is impossible to produce an unmistakable lipemia even by 
very severe hemorrhage.** The marked hyperlipemic phase seen under similar 
conditions in the rabbit may be due to this animal's inability of utilizing large 
amounts of fat when they are suddenly discharged into the blood-stream.** 

In a small experimental series it was found that exposure to cold causes 
no change in the serum-cholesterol concentration of the rat. However, here 
the degree of systemic stress must have been mild since even the adrenal 
cholesterol showed only a small and transitory diminution.** An A-R, produced 
by intraperitoneal injection of very cold saline solutions, allegedly causes marked 
hypercholesterolemia in the dog.*#* 


In carcinoma patients, who received intense radium-treatment, a drop 


in blood-cholesterol has been reported.** A 
°r animals, there may be hypoch 
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quite irregular variations,“ depending a on tion Of the 
subject. the intensity of the irradiation, we aged 28 nie 
stressors, can influence the 1s pagomanye _ 2 a ns. Die 
regard of this possibility has led to consi in — > literature 
Systematic studies in man showed, however, that in t e orez ority of the 
cases, x-irradiation causes an initial decrease in the plasma- a nole-blood, 
cholesterol content, with a subsequent return to, or above, tk irradiation 
levels.** The hypercholesterolemic response to x-rays in prey ’ irradiated 
individuals was noticeable not only when treatment was disco: d, but even 
in the face of continued irradiation; hence it seems very prob: hat we are 
dealing with the usual reversal of response during the resista tage of the 
G-A-S. 

The microscopically visible blood-lipid granules, the chy! "rons, nor- 
mally show a characteristic curve following a fat meal. After exposure to 


toxic x-irradiation this curve is flattened (increased fat tolerance?) ang 
deformed.” 

Intense muscular exercise may either diminish ™ or raise ** the cholesterol] 
content, depending upon experimental conditions. Observations on cats sug- 
gest that the rise is due to a discharge of cholesterol from the working muscle 
itself, as judged by the arterio-venous cholesterol difference in an exercised 
limb. It has been claimed that adrenal cortical extract inhibits this reaction.5* 
In rats, whose blood-cholesterol level is remarkably stable under various con- 
ditions, some workers observed no change in cholesterolemia even after severe 
muscular fatigue, which almost completely exhausted the adrenal cholesterol- 
stores.** Others, however, report a transitory hypo-cholesterolemia.”’ » 

Prolonged anoxia increases the blood-lipid concentration in the rabbit. 
Here again there are important species differences in the response. Systematic 
investigations in various species showed that short exposure to reduced atmos- 
pheric pressure causes no significant change. This was confirmed both during 
fasting and in the post-operative state on cats and dogs. On the other hand, 
in the rabbit anoxia produces a decrease in plasma-lipids within three hours; 
later the initial level is re-established at the end of about six hours. The 
initial decrease in the plasma-lipids of the rabbit is mainly due to a diminution 
of neutral fat. It was concluded that ‘the difference in the response of rabbits 
to short periods of reduced atmospheric pressure from that of cats and dogs 
may be related to their different abilities to utilize fats’’.57 

In the rat, five hours exposure to decreased atmospheric pressure diminished 
the esterified plasma-cholesterol, but there was almost no change in free 
cholesterol. It is especially noteworthy that 5-7 hours of exposure to com- 
paratively mild reduction in barometric pressure, may suffice to decrease 
adrenal cholesterol by about 50% while the serum-cholesterol-concentration 
shows only an insignificant diminution. 

In dogs, stress caused by burns, vesicants or turpentine produces marked 
changes in the distribution of the protein-bound lipids in various electrophoretic 
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ed, available data do not suffice to make any 
eneralizations cor hanges in lipo-proteins which are characteristic 
of the response t sae such. In the rat tris-(8-chloroethy]) -amine 
tends to raise od-cholesterol; this response was not significantly 
influenced by pa ‘tectomy or partial nephrectomy." The total plasma- 
lipid concentrati reased in the rat by trauma, vesicants and burns.®* 

The folliculoid are notoriously potent in producing G-A-S mani- 
festations,©? and s other stressors ® tend to cause a transitory hypo- 
cholesterolemia. also been observed to occur in “toxic infants”, 
who exhibit pron A-R-changes. It may be significant in this connection 
that in man the holesterol level shows regular diurnal variations, 


he 
fractions of the 


independently o! 1 intake.% 
— fluencing Blood-Lipids During the G-A-S. 
ee an After 6-8 days treatment with large doses of ACTH 
there was a sharp fail in the esterified (45%) and a less pronounced decrease 
in the free (28%) cholesterol fractions in man. From this it was concluded 


that blood-cholesterol probably is an important precursor from which corticoids 
are made." The hypocholesterolemic effect of ACTH has repeatedly been 
confirmed in man.°** 

Corticoids. — Data concerning the effect of corticoids are rather contradic- 
tory. Cortical extracts were reported to cause an increase,®° a decrease,*? 
or more or less irregular and insignificant variations 8 in the blood-cholesterol 
and total blood-lipid concentration. 

In man a few preliminary observations suggest that cortisone causes a drop 
in total cholesterol, which apparently does not occur at the expense of free 
cholesterol.®8* 

DCA has been claimed to produce an increase ® or no change in total blood- 
lipids and blood-cholesterol in the bird,”° a decrease in blood-cholesterol in 
the guinea-pig,”! hypercholesterolemia in man” and no change in the blood- 
cholesterol level of the rabbit.72* 

We do not wish to attempt any detailed analysis of these conflicting data, 
but both the facts reported in the literature and our own observations suggest 
that under normal conditions, in the intact organism, neither cortical extracts 
nor DCA exert any prominent and constant effect upon the total-lipid and 
cholesterol content of the blood. This agrees with the fact that adrenalectomy 
also fails to produce any consistent change in blood-lipids.** In connection 
with the pathogenesis of the diseases of adaptation it is interesting, however, 
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that in rats sensitized by unilateral nephrectomy and high i { | intake, Dea 
causes a very pronounced and consistent eae “ul blo |-cholesteroj a 
This phenomenon, which is reminiscent of the hyperc holester ia of nephys, 
sis, can be prevented, or actually reversed, by simultaneo tment Min 
methyl-testosterone, a renotrophic hormone." a | 

The adrenal-cortex is certainly an important store of cholesterol, [f easy 


help to maintain the homeostasis of cholesterolemia by Femoving cholestero} 
from, or discharging it into, the circulation. The possibility of 


: egulation of 
blood-cholesterol through mineralo-corticoids, such as DC/ 


: ; Suggested, 
but not proven, by the above observations. Since gluco-corticoids, such as 
cortisone, share the hypocholesterolemic effect of ACTH it is \ ry doubtfy] 
whether the action of the latter should be ascribed to a utilization of blood. 


cholesterol for the synthesis of corticoids. 


Kidney, — In the dog, bilateral nephrectomy causes hypertension with : 
parallel increase of neutral fats, cholesterol and phospholipids. Injection of 
a kidney-extract prevents this hyperlipemia and hence the possibility of a 
hormonal regulation of blood-lipids has been seriously considered.** 


Dietary factors. — The food ingested is obviously also important in 
determining the lipid-content of the blood, both under resting conditions and 
during systemic stress. Of course here the lipid content of the diet must first 
be considered but, at least in some species, cholesterol and the steroids derived 
from it can also be synthetized endogenously. This was shown, for instance, 
in rats by feeding them a diet consisting almost exclusively of protein. It 
was noted that even on this regime the cholesterol content of the organs 
(adrenals, spleen, liver, skin) remained normal and indeed even tended to 
tise. There were no changes attributable to lack of steroid hormones.” 

Inositol, a lipotropic factor, was shown to diminish the normally high 
cholesterol content of the blood, aorta, heart and liver in old hens.** 


It remains to be seen how these factors affect cholesterol metabolism during 
systemic stress. 


Ketone Metabolism 
Systemic Stress 


Available data do not yet permit us to sketch the changes in ketone- 
metabolism which are characteristic of the G-A-S. However, some pertinent 


findings suggest that usually an initial ketosis during the A-R is rapidly fol- 
lowed by an inverse response. 


Following surgical trauma in the rabbit, post-operative ketonuria is especial- 
ly pronounced if the intervention is performed under general anesthesia: it 
tends to be absent, or at least less marked, if local anesthesia is used.” ... 

In man, post-operative ketonemia and ketonuria tend to be much more 
Pronounced among children than in adults. Ketosis often evolves in tw? 
phases, An i 


nitial rise (immediately subsequent to the surgical intervent 
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js followed within days, by a return to or below normal blood-ketone 


saines and a di iurance of ketonuria. At about the 4th or 5th post- 
operative day, a J cried of ketonemia and ketonuria may occur, which 
has been considered bese kind of “fasting acidosis”, since it is seen espe- 
cially in patients who ! to take adequate nourishment after the operation,” 
In chronically undernourished people, the “fasting ketosis’ *' is usually of 
brief duration and demonstrable at the beginning of the fast only; even the 
hypoglycemic con radually starved men (concentration-camps) is not 


accompanied by any marked persistent ketonemia or ketonuria.®* 


In man, after x-irradiation there is a pronounced and rather persistent 
increase in the acet: ind especially in the B-hydroxybutyric acid content 
of the blood.** Sy: studies in the dog showed, however, that the initial 
rise in blood-keton subsequently followed by a decrease ** which presumably 
corresponds to the counter-shock or early resistance phase. 


Following intense muscular exercise, pronounced ketonemia may develop 
in untrained men, while after adequate adaptation, the same amount of work 
calls forth no such reaction. Interestingly this ketonemia of exercise can be 
diminished by the administration of glucose or cortical extract (see below) 
and is apparently dependent upon the depletion of the glycogen-stores during 
systemic stress.*” 


Stimuli Influencing Ketone-Metabolism During the G-A-S. 


Hypophysis. — The pituitary plays an important réle in ketone-metabolism. 
Hypophysectomy inhibits or abolishes the ketosis normally produced by 
fasting, pancreatectomy, etc., indeed it is extremely difficult to produce ketosis 
by any means after ablation of the hypophysis.®® 

It is also well known that certain “ketogenic” anterior-lobe extracts produce 
ketonemia and ketonuria.’*? However, these effects are not necessarily mediated 
solely through the adrenal cortex. Both pure corticotrophin and somatotrophin 
produce ketonemia in the fasting rat.5§ 


Adrenals. — Adrenalectomy considerably reduces, or completely abolishes 
the ketonuria observed in a number of metabolic disturbances, for instance, 
those caused by pancreatectomy,® fasting,” phloridzin-intoxication™ or 
treatment with anterior-pituitary extracts.® 


Adrenaline does not appear to exert any prominent direct effect upon 
€togenesis, but the depletion of the hepatic glycogen-stores, incident to 
adrenaline-overdosage, tends to predispose for ketosis.” 

Much work has been done concerning the actions of corticoids upon ketone- 
metabolism. DCA-overdosage resulted in rather inconsistent 
changes in blood-ketone concentration.** Cortic } 
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cause significant changes in blood-ketones, . Ee ord <d observations gp 
fasting rats.“* The reputed ketogenic action of certain oy cortical Prepara. 
tions ®* has not been substantiated by subsequent work.” Perhaps: the «.- 
called ketogenic extracts contained impurities ye Bey have acted through 
their systemic stressor effects. The occurrence 0 etonuri: a rat with 
“steroid diabetes” due to overdosage with gluco-corticoids, difficult ie 


reconcile with the claim that the ketosis of muscular exercise < 
by cortical extracts.* 
The available data show that the adrenal cortex influences ketu: metabolism, 


be inhibiteg 


but its exact participation in the ketosis of the G-A-S has still not been fully 
elucidated. 

Glucose. — The increase in blood-ketone bodies, produced by intense 
muscular exercise, can be diminished by the administration of glucose; it 


apparently depends upon the depletion of the glycogen-stores during this 
type of systemic stress.® 


NITROGEN METABOLISM 


Nitrogenous | cts, and especially the proteins, 
characteristic co! nts of living matter. The Pronounced changes in nitro- 
gen metabolism, 1 occur during the G-A-S, therefore presumably play 
a prominent rol: ong the adaptive adjustments of this syndrome. The 
intense catabolic »!icnomena, typical of the stages of alarm and exhaustion, 


are among the most 


may undoubtedl) come the limiting factors of resistance, when even the 
essential] structur: proteins of the body are attacked. However, the entire 
biologic significance of protein catabolism is not yet understood. 

The higher cleavage products of certain proteins stimulate cell proliferation." 


This may be useful during the catabolic impulse of systemic stress, for instance, 
after traumatic injury.* 

We have also considered the possibility that perhaps somatic cells (like 
some unicellular organisms) can multiply asexually only a finite number of 
times. Should this prove to be correct, the longevity of the individual as a 
whole would be largely dependent upon the power of asexual cell-division, 
since, without the possibility of cell replacement and regeneration, life must 
come to an end. 

Systemic stress causes rapid breakdown of cytoplasm and even of entire cells, 
The resulting liberation of protein catabolites furnishes the necessary building- 
blocks for regeneration tissues. Thus the tissues of the body are temporarily 
“rejuvenated” by acute systemic-stress, but in terms of the whole life-span, 
exposure results in aging — in the gradual exhaustion of the ability for further 
regeneration and adaptation. 

It is perhaps significant that in senility, as in the stage of exhaustion, the 
living cell-mass and the protein reserves are progressively diminished, although 
certain depot-substances, especially fat, may be stored in excessive amounts. 

As we have said in the introduction to this book, adaptation is probably the 
most characteristic feature of living matter. Most, if not all, biologic adjustments 
to change are effected through the intermediary of enzymes. Since, according 
to recent developments in this field, all the plasma- and tissue-proteins are 
actually enzymes,* it is evident that changes in protein metabolism are of the 
greatest importance in determining the course of the G-A-S and of the diseases 
of adaptation, 
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reaction and not the result of a specific ge prem y fee aaa 
used, because this change appears. irrespective of the natu: © agenh Ps: 
disappears, in spite of continued treatment, as on as ation occur 
Contrary to many of the changes occurring during a aptati * initial piso 
in N.P.N, is not reversed after resistance is acquired but ly returns ¢ 
normal” 

From experiments on hemorrhagic shock (see below) it rs that this 
rise in blood-N.P.N., characteristic of the shock phase, is ly accounted 
for by urea and to a lesser extent by ammonia. Only when th: nage becomes 
so severe that the liver fails to form ammonia and urea | 1mino-acids 
does the blood-concentration of the latter begin to rise signilicantly at the 
expense of blood-urea.* Other stressors, e.g., anoxia,” also reduce the deamin- 
ating power of the liver. As we shall see below, the actual level of total 
blood-N.P.N. is largely dependent upon the relative intensity of protein. 
catabolism in proportion to the ability of the kidney to eliminate nitrogenous 
catabolites. 


The urinary elimination of N.P.N. products is likewise influenced by the 
G-A-S. There is an initial marked elimination of nitrogen during the A-R, with 
a return to or below normal in the stage of resistance; finally, pronounced loss 
of nitrogen ensues again during the stage of exhaustion. This typical curve 
has been established for a number of stressors (cold, formalin, muscular 
exhaustion, etc.); it is accompanied by corresponding decreases in the weight 
of the musculature and of parenchymatous organs with histologic manifesta- 
tions of atrophy, and even pyknosis, during the initial and final stages of the 
G-A-S. Thus at these times there is loss of substance from organs rich in 
protein." 


It has long been known that following extensive tissue injury by trauma, 
the blood-N.P.N. tends to rise both in man and in experimental animals.‘ 
This rise has been considered a characteristic sign of “post-operative disease” * 
and some authors speak of “post-operative extra-renal azotemia™ !° as a well 
characterized clinical syndrome. The degree of the post-traumatic azotemia 
depends chiefly, on the one hand, upon the intensity of protein catabolism, 
and on the other, upon the ability of the kidney to eliminate N.P.N. products. 
In mild shock, the blood-N.P.N. usually shows only a slight and transitory 
elevation, because the kidney is capable of clearing the blood of the compat- 
atively small amounts of protein-degradation products which enter it. How- 
ever, as the intensity of the systemic stress increases, protein catabolism becomes 
more pronounced while renal function fails (especially due to the concomitant 
decrease in blood-pressure); at this time the rise in blood-N.P.N. may become 
very severe. 
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Observations ¢ iquet-shock in the rat and cat show ed that the N.P.N 
is especially hig enous blood coming from a damaged limb." Hires 
ever, the protein - : caused by systemic stress is far 
could be account by the direct tissue injury alone; !2 
shown that “the art of the nitrogen lost from the b 
comes from sou! than the injured limb’’.13 
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Post-traumatic nitrogen catabolism. 48-year-old, well-nourished, male patient, with a history 
of pain in epigastrium. The duodenum was opened at the pylorus, but the mucosa proved 
to be normal and the wound was closed. Note intense post-operative loss of nitrogen, accom- 
Panied by slight rise in body temperature and marked increase in gluco-corticoid elimination. 


rtesy of E. H. Venning, McGill University, Montreal.) : : 


Cuthbertson ™ came to the conclusion that 
Sesses are more general than local a 
nism which leads to: (a) 
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Experiments in rats injured in the Collip-Noble drum ite that the 
post-traumatic rise in blood-N.P.N., typical of not-adapted nals, faile " 
occur after adaptation to trauma has been acguired.’® This ; S with oe 
we said about the characteristic triphasic N.P.N. curve of the ( ; 


Curious} 


however, in reporting upon such experiments Noble and 1] state disp 


“In rats shocked in the drum there is little evidence of th 


; M Teaction 
Adrenal enlargement and thymus involution are slight. It is ly that the 
rise in nitrogen excretion is directly related. 

Various types of injuries (crushing of muscles, bone fra s, intestinal 
manipulation, etc.) precipitate a marked urinary excretion of A V.. especial] 
urea and ammonia, during the days immediately following the trauma.17 The 
degree and duration of this nitrogen loss depends upon the ritional con. 
dition of the patient, the extent and intensity of the trauma, as well as many 
other factors. It may be said, however, that usually, in the course of the first 


week after injury, the urinary-N output rises to a peak and there is a markedly 
negative nitrogen balance, even on normally adequate, high-protein diets. Then 
the N output diminishes until about 2-3 weeks after the injury and gradually 
the balance tends to become positive. Thus, the initial ‘catabolic phase” is 
followed by a second “anabolic period”. Accordingly it is customary {o 
differentiate a “catabolic” and an “‘anabolic’”’ period in patients suffering from 
various types of systemic stress. Under the influence of injury — in agree- 
ment with the G-A-S concept — nitrogen metabolism “undergoes a series 
of changes which follow a characteristic pattern, quite irrespective of the 
nature of the trauma’’.18 


General anesthesia increases the N loss following operations, as compared 


with that occurring if the same surgical intervention is performed under local 
anesthesia.” Animal experiments have shown that general anesthesia in itself 


' causes protein decomposition and N loss,2° hence, it may be assumed that the 


stressor effect of trauma and that of general anesthesia are summated. 

In connection with the mechanism of traumatic protein-catabolism, it is 
instructive that the material catabolized is mainly muscle protein. This is 
suggested by the nitrogen/sulphur and nitrogen/phosphorous ratios in the 
urine * in man and by actual organ-weight determinations in animals.%2 Such 
loss of muscle substance cannot be regarded as a mere disuse-atrophy. Immo- 
bilization in itself does not cause any comparable degree of protein catabolism, 


although of course in bed-ridden Patients disuse of the muscles can account 
for part of the N loss.28 
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. * discuss eee oe: 

There has been ; cuss om concerning the Possibility that the N loss 
during the A-R no a: ip: anti-anabolism * rather than to true cata- 
bolism. “4S WE S! later, on N-deficient diets, Stress fails to elicit the 
isually pronoun: iry N loss; this w 
usually 


| 5 was interpreted as contrary to the 
vencept that catal one can explain the phenomenon. However, if the 


N intake is raise singly more N is retained in spite of stress, indeed, 
under optimal c< of nutrition, even severely injured patients may 

ia z j - i 5s was , " % 
show a positive | his observation is incompatible with the anti-anabolic 


theory. It was th« i sumed that perhaps “both anabolism and catabolism 
aa increased in < fter injury, but maintain their normal relationships 
as before the trai 


his is analogous to fever, where cooling and heat 

conservation are 1 , but are set to maintain a higher temperature level, 
ossible pre: ites for the reaction to occur are: 1) an intake 

wo P' . 


nitrogen, and (2) esence of a reserve protein supply”.*® Observations 
with S*° labelled onine suggest that in Cushing’s syndrome, where — 
as in stress — AC i production is increased, there is likewise no primary 
anabolic defect, “in fact there would appear to be a hyperanabolism which 
does not, however, compensate for the excessive catabolism that must occur’’ 26 
Although the authors do not specifically say so, this suggests an increased 
protein turnover. 

Our animal experiments also show 2" that, unless the protein reserves of 
the body are reduced to a minimum (by preliminary starvation or feeding on 
protein-deficient diets) systemic stress invariably causes some N loss, even 
if the animals receive no food during the period of exposure. Hence, exogenous 
nitrogen is not indispensable for this reaction. Thus all the known facts appear 
to be compatible with the assumption that during the catabolic impulse there is 
an increased tissue-protein turnover, coincident with the morphologically 
demonstrable increase in tissue reconstruction (pyknosis and mitosis). 

Burns likewise raise the total blood-N.P.N.28 and ammonia content, At 
the same time, the urinary elimination of N.P.N. products is also augmented 
just as in traumatic shock.®9 


An essentially similar catabolic impulse, with a transitory rise in total 
blood-N.P.N. and in the urinary elimination of the nitrogenous end-products 
of protein, has been noted in experimental animals and in man following a 
Variety of other systemic stressors such as hemorrhage,” onaxia,© eters 
ation,®? extreme heat, especially if accompanied by heat-stroke 3 insulin- 
shock,35 electro-shock,®® forced muscular exercise,*” treatment with nitrogen- 
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mustards,*’ sublimate,*® bacterial toxins, especially diphtheri: 
staphylococcus, and streptococcus 40. oF turpentine (w hich dua 
abscesses),*' “gravity shock”, experimental infections,“® Rocky 
spotted fever,"! typhoid fever * as well asiin a number 
which cause acute loss of weight.*® 


Patients with various debilitating chronic diseases, on the hand, show 
a great tendency to retain nitrogen, if an adequate dietary ake can be 
enforced.*? Special attention has been called to the ability ironically jf 
patients to retain nitrogen after acute trauma, in contras individuals 


healthy at the time of injury, who lose nitrogen at simila: 
intakes’.*8 This is rather reminiscent of the reversal of the 
tions during the resistant stage of the G-A-S. 


greater food 
R manifesta. 


Stimuli Influencing the N.P.N. During the G-A-S. 


Hypophysis. — The hypophysis is obviously of great importance in the 
regulation of protein metabolism, especially through the growth- 
thyrotrophin, corticotrophin and the gonadotrophins.*® 

Hypophysectomy interferes with growth and the normal anabolism of pro- 
tein,*** but does not abolish regeneration or the sudden protein catabolism elicited 
by an A-R. In a few experiments hypophysectomy prevented the post- 
traumatic N loss, and even cortical extracts failed to restore it.5° This may 
have been due to a depletion of the protein reserves, but only the acute invo- 
lution of the thymico-lymphatic tissue is markedly impeded, during an A-R, 
in the absence of the hypophysis.*4 

A crude anterior-lobe extract, which caused protein anabolism,®? was also 
active in preventing the loss of body-weight and the excessive N excretion 
which normally follow upon fracture of a femur in the rat.53 

Purified corticotrophin increases the urinary elimination of N in man‘ and 
in rats.°* This response is most marked on a high-fat and least pronounced 
on a high-protein intake.°° Thus here the “conditioning” of the corticotrophic 
action by the diet is very different from what we learned about LAP. It 

will be recalled that the corticotrophic action of the latter pituitary preparation 
is greatest on high-protein-diets (cf. chapter: Adrenals). LAP is also rich in 
somatotrophin, whose effect is markedly augmented by a high-protein diet. 
It is possible that somatotrophin helps to stimulate the growth of the adrenal 
cortex, as it is a general growth-hormone; thus, in this respect, it could act 


as a synergist of ACTH. Perhaps only this latter effect is augmented by 
proteins. 


hormone, 
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Purified somatots 1 reduces the urinary-N excretion in fed or fasting 
rats? In nephrecto! d rats it delays the formation of blood-urea from 
mere ject i aci F . 7 
intravenously anjecte ino-acids, at the same time accelerating the removal 
ane g 
of the latter from SEs 


This anabolic 
acteristic of the ¢ 
inhibited by grow 
of somatotrophin 
of growth in young 
catabolic phase dus 
time, inhibition of « 
ageous for resistan: 

Testoids can caus 


esumably participates in the metabolic ch 
ince even the post-traum 
1one treatment.*® 


anges char- 
atic N loss of rats can be 
Perhaps the well-known inhibition 
n during stress —~ which manifests itself by cessation 
ividuals — facilitates the development of a normal 
the A-R. It remains to be shown whether, at this 
olism by growth-hormone treatment would be advant- 


etention even in hypophysectomized rats but this action 


— unlike that of somatotrophin — jis only transient and “wears off” after a 
certain time.*** 

Adrenals. — Albright ® expressed the view that the catabolic impulse of 
the A-R may be due to an excessive production, by the adrenal cortex, of 


“S-hormone’ (now identified as the gluco-corticoids), simultaneously with a 
decreased production of “N-hormone’’ (now identified as adrenal testoids). 
Undoubtedly gluco-corticoid production is increased, while testoid produc- 
tion is diminished during stress; furthermore ample experimental evidence 
confirms that gluco-corticoids cause catabolism, while testoids (and somato- 
trophin) facilitate protein synthesis. Yet the catabolic response of the A-R 
is largely independent of the adrenals (see below) and only toxic amounts 
of gluco-corticoids favor catabolism. In hypocorticoidism for instance, the 
negative N balance is rendered positive by gluco-corticoid treatment and in 
the young even growth is stimulated.*! Thus, in the rat, adrenalectomy 
in itself suffices to cause a urinary-N loss. ‘This is significantly inhibited by 
treatment with small amounts of an active adreno-cortical extract; large amounts 
favor N elimination under these conditions, probably as an overdosage 
effect.°? 

Adrenalectomy increases the loss of tissue protein, which normally occurs 
during the A-R; presumably because the catabolic response to stress is largely 
independent of the adrenals and the same alarming stimulus causes a more 
Severe stress if the adrenal defense mechanism is eliminated. In the absence 
of the suprarenals, only the protein of the thymico-lymphatic system appears 
to be specifically protected against catabolism by stress." 

After adrenalectomy, acute traumatic injuries (bone fractures) cause only 
@ small reduction in the usual nitrogen loss, in the rat, and eee rae 
of cortical extract restores it to the normal high level even in the absence o 
the adrenals. It was concluded “that the negative beebeg the Rbas aS 
characteristically develops following fractures, n 
“'@ adrenal cortical hormones, but — 
m the secretion of the c 
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iar lowing an operation, the immediate rise in ! retion te 
Interestingly, fo g p eee | el a 
to be actually higher in adrenalectomize an Z ever, subs: 


quently, N elimination continues to be high in the ——? a n the fn 
group. Following cortical-extract treatment, on the othe id, adrenal, 
ectomized rats exhibit a sustained increase in N elimination A rats tray, 
matized by clamping of a limb, N excretion was diminished aft enalectomy, 
DCA was inactive, but suitable therapy with cortical extracts wed a Ph 
tically normal response. It was concluded that following trau: secretion of 
cortin is not responsible for the increased loss of nitrogen a the other 
hand, nitrogen loss does not occur in the absence of the adren jland unless 
replacement therapy with cortin is administered a Such findings suggest 
that, at least under certain conditions, adrenalectomy inhibits the p »st-traumatic 


N loss in the rat, while cortical extracts (in doses causing no N logs in 
themselves) restore the ability to respond with marked protein catabolism 
after trauma. Apparently here we are again dealing with a peripheral syner- 
gism between the corticoids and other factors produced by stress. 

The urinary-N loss, which normally occurs upon exposure to anoxia 
least lessened by previous adrenalectomy in the rat.®* 


In completely nephrectomized rats the rate of urea formation (judged by 
the blood-urea level) increases progressively until death. In adrenalectomized- 
nephrectomized animals the rise is not progressive, unless they are treated 
with cortical extracts.®® It appears that “‘the unchanging rate of urea formation 
in the adrenalectomized rat probably reflects the inability of the rat lacking 
cortical function to respond to the continuing stress of nephrectomy and the 
consequent uremia and acidosis’’.”” The formation of urea from injected amino- 
acids proceeds undisturbed in adrenalectomized-nephrectomized rats, but after 
injection of rat-plasma no urea is formed unless corticoid therapy is given. 
Hence it was concluded that “the action of the adrenal cortex in protein 
metabolism is at the level of protein breakdown itself, rather than at the level 
of deamination of amino-acids”.” Experiments on merely nephrectomized 
(not-adrenalectomized) rats yielded essentially similar results.72 

Apparently gluco-corticoids facilitate the breakdown of tissue protein, but 
this can still occur as a result of extra-adrenal factors during the A-R. It will 
be remembered that our observations concerning the hyperglycemic response 
in untreated and corticoid-treated adrenalectomized animals, led to a similar 
conclusion as regards the adrenal regulation of carbohydrate metabolism 
during the A-R (cf. G-A-S 5 Blood-sugar). 

Adrenaline causes protein catabolism in intact rats, but since toxic doses 
are required to elicit a marked response,’* the hormone may act merely as a 
stressor. Thus there is no reason to suppose that an endogenous adrenaline 
discharge plays an important part in the production of the catabolic response 
during the A-R. 

In intact animals and man, heavy overdosage with gluco-corticoids can 
elicit a marked rise in the urinary elimination of nitrogenous products, but 


does not tend to raise the blood-N.P.N.74 Ip dogs, cortical extract may occa~ 
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conally even diminish the rise in blood-N.P.N, normally produced by tour- 
Sy essfock,™ but this response is quite inconstant. 
nig’ . , yotea ati ; 

The increase in bl urea formation, caused by cortical extracts in nephrect- 
mized rats, is inhil y the injection of glucose or amino-acids, presumably 
ie to their prote ring effect. Insulin-hypoglycemia exerts an opposite 
ction. It has been iasized that an increased need for carbohydrate may 
a a prominent p he catabolic response to stressors.% 
Pp. 


In the intact org: 
or urinary-N elimir 


the A-R. Curious 


DCA produces no consistent change in blood-N.P.N. 
‘7 which could play a part in the catabolic impulse of 
> rise in blood-N.P.N, normally elicited by bilateral 
nephrectomy, is 9 delayed by DCA; indeed, even the life-span of 
nephrectomized ani s prolonged by this hormone.” 

The rise in blood .N. caused by traumatic shock is not significantly 
influenced by DCA ilthough one investigator *! reported positive results. 
On the other hand legedly, DCA can prevent the N loss which normally 
occurs in man during adaptation to extreme humid heat.*2 


Kidney. — Following ligation of the renal artery, or complete nephrectomy, 
protein catabolism is more rapid, the toxic symptoms more severe, and the 
survival-time shorter in dogs previously kept on a high-protein diet than in 
those which had received mainly carbohydrate. “It may be concluded both 
that substances derived from the ischemic kidney stimulate catabolism of 
protein reserves and that the toxic symptoms following renal artery ligation 
are associated with accelerated nitrogen catabolism.” ** 


Other endocrine glands. — Testosterone, which likewise possesses marked 
protein-anabolic properties ** tends to counteract the N loss normally observed 
during stress, e.g., that caused by intestinal obstruction ® or burns,®° but 
further work is necessary to determine the practical applicability of this 
observation. 

Thyroidectomy inhibits, while thyroid hormone stimulates protein-cata- 
bolism,*? but these well known actions need not be discussed here since their 
Participation in the G-A-S has not yet been investigated. 

Diet. — Because of the enormous practical importance of this subject, a 
great deal of work has been done concerning the possibility of compensating 
for the N loss of the catabolic impulse. The effect, before, during and alter 
€xposure to stress of proteins and protein-hydrolysates has been studied. 
During the first 7-10 days after injury (trauma, burns, etc.), high-caloric a 
high-protein diets greatly diminish (though they rarely abolish) the N loss o 
the catabolic period.’® Individuals who underwent gastric or cranial eee 
ations were found to require a greater than normal intake of dietary-N 
of total calories to preserve nitrogen equilibrium during the first post: 
days, “By increasing the nitrogen intake to 0 
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to 30 calories/kg- daily, or over, patients fed oes - Abbott-Rawsg 
i i i itrogen equilibrium. lydrolyzed , 
rere usually maintained in nitrog' u aa 
te yo of casein hydrolysate, combined with carbohydrate, was onan 
ah en administered by the same 1 < 90 y 


as effective as whole protein wh 

Numerous investigators studied the Saibe ead administetin 
the necessary amount of nitrogen in pele oe an 4 ferent rota 
The efficacy of ingested protein or protein- ydro yentes, was compared with 
that of protein-hydrolysates and amino-acid * sae geen y stomach tub 
or intravenous injection. Nitrogen peteamon has been obtair ed with such 
supplements in traumatic shock, extensive burns, fractures and it convalescence 
from various types of acute illnesses.®* It is doubtful, how« whether this 
is advantageous during the catabolic phase.** 

Some workers like to distinguish between “storage protein’ "* or “reserye 
protein” ** which is readily utilized under stress, and esse ntial protein” 9% 
which is so fixed in the cell that it can not be released. Whipple's school,% 
differentiates: (1) fixed or indispensable cell-protein, without which cellular 
life ceases, (2) ‘dispensable protein”, which can be utilized as a source of 
energy during stress (e.g., starvation) and (3) mobile protein which can move 
in and out of the cell whenever the concentration of the plasma-proteins rises 
or falls. Presumably, the “storage protein” corresponds to the sum of “‘dis- 
pensable” and “labile” protein.” 


It is of the greatest interest that in protein-depleted animals systemic stress 
causes little or no increase in urinary-N excretion.** Thus in dogs, sterile 
abscesses (produced by subcutaneous turpentine injection) elicited marked 
urinary-N losses if the animals had previously been kept on an adequate 
protein intake. On the other hand, on protein-deficient diets, they maintained 
a strongly positive N balance if, following the injury, the protein content 
of the food was raised to normal. It was concluded that “the increased nitro- 
genous excretion after injury is again shown directly related to the state of 
{ body protein reserve. Increased catabolism, not inhibition of anabolism, best 


y explains the excess urinary nitrogen. Protection during injury of valuable 
i, protein reserves appears possible through an adequate intake of protein nitro- 
gen. 


Patients suffering from a variety of chronic debilitating diseases (pulmonary 
tuberculosis, rheumatoid arthritis, bronchiectasis, peptic ulcer) fail to respond 
with the usual, pronounced N loss when exposed to intercurrent, acute systemic 
stress, Indeed, in contrast to acutely damaged individuals, these “metabolically 
debilitated” subjects display a remarkable ability to retain dietary N on com 
paratively low intakes. If N ingestion is raised their N balance becomes more 
rapidly positive, and the gain in weight is greater than in normal individuals.” 


a Jens. — 
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vations on burned rats suggest that 


: ‘mental obse! 5 
Experime among the dietary- 


atett constituents mee plays an especially important role. Allegedly 
ae urinary-N loss 7 ee Faces. were substantially reduced, not only by 
high-protein diets, but arn rg addition of 1% methionine to the diet. 
Alanine, cysteine ‘ | nine a synthetic amino-acids had no such effect. 
sage suggested that the appATene toxemia is in reality a deficiency induced 
by a call for one o- ry bees consequent raiding of the whole protein 
 ecule. On the basis of these observations, methionine had been recom- 


ting from burns, in the hope of stopping the N loss, 
Iso suggested that methionine decreases the urigary 

However, subsequent investigations with exper- 
onclusive results.!°? Methionine also failed to reduce 
received a low caloric diet following herniorrhaphy,! 


Oda 


mended for patients 
Observations on do 
elimination of nitrog 
imental burns yield 
the N_loss in patien! 
or in rats exposed to « 
Allegedly ascorbic acid supplements ‘depressed the nitrogen output of 
normal and traumat d rats’! but this observation awaits confirmation. 


Amino-Acid Metabolism 


The amino-N fraction of the blood is composed chiefly of a-amino-acids, 
but it also comprises glutamine and several other amino-compounds whose 
identity has not yet been clearly established. The blood amino-acid concen- 
tration depends primarily, upon: (1) intake from the intestine, (2) production 
from tissue- and blood-proteins, (3) withdrawal from the blood for protein 
synthesis, (4) deamination and further degradation, (5) elimination of entire 
amino-acids in the urine. Normally the deamination of amino-acids occurs 
only in the liver. 

The.characteristic blood amino-acid curve of the G-A-S has not yet been 
followed through the three stages. Available data show, however, that in the 
A-R there is a marked increase in the blood amino-acid concentration, with 
return to, or below, normal during the stage of resistance. Since the blood 
level of amino-acids depends upon many factors, it is obvious that the char- 
acteristic curve can readily be modified by the incidental specific actions of 
certain alarming stimuli, especially by hepatic or renal damage. 

Retarded recovery from various types of injury and infection is, however, 
often accompanied by low blood amino-acid levels.’"° Perhaps protein depletion 
may reverse the normal blood amino-acid curve by diminishing the stores from 
which catabolized amino-acids could be regenerated. Depletion of protein- 
Feserves may also be involved in the hypo-amino-acidemia of nephrosis, which 
Sccurs in patients who lose large amounts of protein through the urine.°7 
ssa trauma, the blood amino-acid concentration is usually far abc 
nies in man.'°8 During the first six rem 

ght, though constant, fall i ; 
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by a pronounced secondary rise with a ne eae at one : hours, Curioug 
there appears to be no correlation between a egree of shock and the height 
of the blood amino-acid concentration; furt ermore suital herapy (tteke 
fusions or reclamping of the injured limb) results in recover, ore the i 
acid level returns towards normal.’ : 
In man, the amino-acid-N may sometimes also fall ab: y after tes 
even while N catabolism is greatly increased; it often remain until redoia | 


is well advanced. Allegedly here “the extent of the abrupt 
portional to the severity of the operative procedure, and 
proportional to the initial amino-acid concentration. The 


directly pro, 
ly, inversely 
' reflects the 


pre-operative condition of the patient. If this is normal, th: sma a-aming. 
acid nitrogen is greater than 4.0 mg. per cent. If the pati 'S seriously j}] 
before operation, the a-amino-acid nitrogen is less than 4.0 mg. per cent before 
operation. If it is already greatly reduced it may fall no further as a result 


of the operation’’.!° 


It is somewhat difficult to reconcile these observations with the vast majority 
of pertinent data which indicate that the blood amino-acid concentration rises 
during the shock phase. Perhaps acute stress increases the amino-acid require- 
ments of the body and if the protein stores are depleted, hypo-amino-acidemia 
results, while normally, compensatory amino-acid formation is adequate and 
even excessive. This would be comparable to the glycemic response whose 
direction during stress largely depends upon the available glycogen stores. 

Studies on traumatized rat muscle showed that under the influence of local 
injury the amino-acid content of damaged tissue rises as a result of proteolysis. 
The response is similar to that seen during autolysis. The amino-acids thus 
formed are at least partly responsible for the hyper-amino-acidemia of the post- 
traumatic period.1™ 

Burns also raise the blood amino-acid concentration in man.!!2 Similarly, 
in rats with scalds produced by immersion into hot water, a progressive increase 
in plasma amino-N occurred within the following 12 hours.1!8 

Experiments in calves showed that in the lymph draining from burned areas, 
the amino-acid-N reaches unusually high concentrations.4* Presumably, con- 
siderable quantities of amino-acids, liberated from injured cells, are drained 
into the blood through the lymph-channels. 

Following severe hemorrhage, a rise in blood amino-acid N is rather 
constantly observed both in animals and in man.115 

In the dog, the systemic blood amino-N concentration increases steadily 
after the loss of much blood, reaching its highest value terminally. In the 
femoral vessels, the arterio-venous blood amino-N difference was zero before 
bleeding and increased after hemorrhage, indicating a rising output of amino- 

acids from muscles. At the same time, the portal concentration was greater 
than that of the hepatic vein, due to removal of amino-N by the liver.1"° 


111 Stoner and Green B37598/48, 
12 Abbott et al. B29501 /46, 
"'* Harkins and Long 87814/45, 


<<“ STIMULI 
161 


ea synthesis fro - i . 

normal. Urea te , mm Persie or from ammonium lactate, was also 
svely ni 1ed in suc : ices ee eee 
rogressively dit pee: le uch diver slices, Apparently, hemorrhagic shock 
erat depress th deamination and urea synthesis in the liver. The char 
in» cetic rise in blood amino-N igs probably d ‘ : gue 
acteristic ae 4 a) Gue to (1) failune of the liven to 
tabolize amino . (2) deficient amino-acid 
caté 


assimilation and (3) increased 


contribution of am »-N irom peripheral tissues.117 Accordingly, the concen- 
tration of free ami N ba after hemorrhage, Not only in the liver, but also 
; Eayaeles, the rise bei ig mainly in the intracellular compartment,!!5 

Many other types of acute Systemic Stress raise the amino-acid content 
of the blood, for in tance anoxia 1’ and “medical shock” (due to infections, 
cardiovascular disease, intoxications, etc.1*°), Of course the amino-acidemia 
rises to especially 1igh levels in the case of damage by agents which specifical- 
ly affect hepatic tissue, for instance in eclampsia, acute yellow atrophy of 
the liver or poisoning with phosphorus, chloroform, carbon-tetrachloride, 
arsphenamine and cinchophen,'*! When the amino-acidemia reaches high 
levels, amino-aciduria ensues." 

Curiously, some anesthetics such as pentobarbital,!*° nitrous oxide or 


ether 1°4 allegedly diminish the amino-acidemic level, 


Several investigators examined the metabolism of certain individual amino- 
acids during different types of systemic stress. It has been found, in man, 
that parenteral administration of milk raises the tryptophane content of the 
serum.!*° Tyrosinuria is sometimes seen in patients with diseases causing 
autolysis of tissue, e.g., degenerating pulmonary tumors or extensive sloughs 
of the skin.’*® Of course, in patients with liver disease, both tyrosinemia and 
tyrosinuria tend to be particularly pronounced,!** because of the interference 
with the hepatic deamination of amino-acids. 

Hypophysectomy in the rat does not prevent the rise in blood amino-N 
elicited by burns;!*8 hence, this response is not dependent upon hypophyseal 
hormones. Yet, in otherwise untreated rats, hypophysectomy tends to lower the 
blood-amino-N level.!25* 

Somatotrophin causes a very marked and consistent fall in the blood level 
of amino-acids. This is presumably due to their increased utilization for protein 
synthesis.129 ACTH on the other hand, raises the blood-amino-N of the rat,’* 
probably because of its protein catabolic effect. 

The rise in blood amino-acid-N, which follows a hemorrhage is not prevent- 
ed by adrenalectomy either in the rat!” or in the dog," hence, 2 . 
be ascribed merely to an increased corticoid production. On the ° be a 
the rise in plasma amino-acid-N occasioned by evisceration ie aie Be 
adrenalectomy in the rat and can be restored by saree : on 
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do not require the presence of the liver and itrefore 
associated with alterations in the rate of urea formation,!*! 


In intact rats, large doses of adreno-cortical extracts ise the a 
amino-acid-N, and this effect can be abolished by simultaneous intravenos 
administration of glucose; the latter effect is retained even in the a Sence of tp 
liver, after evisceration.'"” 

Experiments in nephrectomized rats revealed that after fatal hemorchage 
the high blood amino-N levels are associated with a decreased rate of ures 
formation from injected amino-acids. Non-fatal hemorrhage, with no change 
in blood amino-N, on the other hand, increased urea production, This Was 
ascribed to the conversion into urea, not only of the infused nino-acids, byt 
also of the protein catabolites coming from the peripheral tisstes damaged 3 
uremia, Apparently this conversion can only occur as long as the liver is still 


normal.1°* 

The arterial plasma amino-N levels, rose about equally after hemorthage, 
in intact and alloxan-treated dogs, but considerably more than in Ppancre- 
atectomized animals. Conversely the discharge of amino-N from the legs 
into the blood was highest in the latter group.1* Apparently, in the absence 
of the pancreas, both the production and the disposal of amino-acids rises more 
than normally after hemorrhage. The clearance of certain amino-acids (injected 
intravenously) is delayed during hemorrhagic shock in dogs. Yet here amino- 
acid clearance is not accompanied by any equivalent rise in blood-urea; this 
was regarded as a probable indication of protein synthesis in spite of shock. 


Thyroidectomy reduces the rise of plasma amino-acids in the eviscerated rat, 
This is prevented by moderate doses of thyroxine, but not by adreno-cortical 
extracts. From this it was concluded that the protein catabolic effects of the 
thyroid hormone are independent of the adrenals.1* 


Polypeptides 


Various investigators claim that systemic stress causes a characteristic rise 
in the polypeptide content of the blood. This was noted after trauma,!* 
infections, intoxications and other pathological conditions associated with 
extensive tissue injury,* such as neoplastic disease,!7 renal “8 and hepatic 
insufficiency,""° myocardial infarction “° and a variety of other diseases 
including hypertension."41 Indeed, the concept of the “syndrome polypeptido- 
toxique” 2 developed from the hypothesis that the excessive blood-poly- 
peptides may represent the much discussed, hypothetic split-products of protein 
which are supposed to cause the manifestations of shock. 
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In dogs. follow ing X-irradiation there was a transitory decrease in blood- 
polypeptides followed by a terminal increase; the latter was ascribed to renal 
failure.!** 

S¢se. there q j i 

In nephritis, sae is often a marked tise in blood-polypeptides. This does 
not parallel the otal blood N.P.N. but it is claimed to become most pronounced 
whenever clinical manifestations of uremia are especially prominent. This was 
again interpreted as indicating a “polypeptidotoxic effect” 14 

Recent investigations cast some doubt upon all these findings, since many 
technical factors tend to vitiate the validity of earlier blood-polypeptide 
determinations. Yet even using an improved procedure, patients suffering 
from a variety o! severe diseases proved to have somewhat increased average 
blood-polypeptide levels, although after surgical interventions, a detinite rise 
in blood-peptides was not detectable. 

The chemical methods employed to measure “serum polypeptide” or 


“proteose’’ are imilar in principle to those used for the determination of 
“serum mucoprotein”; hence, findings reputedly concerning any one of the 
above-mentioned blood-constituents may actually depend upon the same 
metabolite. It has been emphasized that the only common denominator in the 
many Clinical conditions which raise this fraction, appears to be that they all 
produce an A-R.'*® 


Proteins 
Systemic Stress 


The observations discussed in the previous chapters showed that large 
amounts of N.P.N. products originate from the proteins of the blood and tissues 
during the catabolic impulse of the A-R. 

As far as it can be sketched on the basis of available data, the characteristic 
derangement in protein metabolism may be summarized as follows: during 
both the stages of alarm and of exhaustion, there is pronounced protein 
catabolism with loss of tissue-protein reserves. At these times, the breakdown 
of the reserves is particularly severe in well-nourished individuals, with 
abundant protein stores, while in patients whose protein reserves are depleted, 
due to undernourishment or chronic debilitating diseases, the protein losses 
are comparatively mild. It appears as though the body’s efforts to save protein 
would become increasingly more effective as the ‘dispensable protein’’ is lost. 

Between these two catabolic periods, during the resistant stage, there is a 
tendency to replace the tissue protein which was lost during the A-R. However, 
unlike with many other metabolic respon : to be no tru 
Teversal of the A-R response. The ) 
Comes positive, but only until the ei 
normal level; excessive r 


Cachexia due to starvation. (A) Undernourished concentration-camp inmate who suffered 
from extreme loss of weight, pyodermia, and phlebitis. Note energetic facial expression indic- 
ative of unbroken moral despite considerable suffering. — (B) Cachectic undernourished 
paises of war. Height 178 cm., weight 39 kg. Note loss of pubic hair and atrophy of external 
genitalia. 


Extreme cachexia due to maln triti centrati 
¢ tion, 
Height 192 cm., weight 50 kg., nena ie pine 


damage, hi ee i ; 
diarrhea and loss of certain reflexes. Patan even a ‘< 
presumably due to great decrease in resistance. (Courtesy a 
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order mentior Sut such as the cardiovascular and nervous systems 
do not give uy roteins easily, even when the body-w eight falls far below 
normal. The | cortex is the only organ which tends to gain weight and 
acquire prote j the catabolic phases of the G-A-S, Since this increase 
in adrenal-pr urs even during complete starvation, the gland must be 
capable of N n at the expense of other organs,'47 

Comparati concerning the protein loss, which occurs in various 
tissues of the ng the A-R, confirmed that the thymus, lymph-nodes, 
spleen and | rgo the most rapid involution, while the weight of the 


heart, kidney brain remains almost unchanged. The carcass (mainly 
muscle) and ‘ > an intermediate position as far as percentual involution 
is concerned, | ce these are large organs, they quantitatively represent 
important sou! protein degradation products.* 


It has repeatedly been emphasized that the protein degradation products 
liberated during the catabolic impulse, may be of use in the phenomena of 
regeneration, cell snewal and wound-healing, which are an essential part of 


adaptation to systemic stress. An example will illustrate how the transfer of 
protein from one tissue to another can be useful in raising resistance. It has 
been found that a sterile abscess affords protection against hepatic damage due 
to chloroform anesthesia.** Under the influence of such an abscess the total 
hepatic protein, and especially the purine-N, increase. Since an increment in 
nucleic acid content is usually associated with active protein regeneration, the 
protection here is presumably due to stimulation of hepatic protein synthesis.’ 


The plasma-proteins tend to fall below normal during the two catabolic 
phases of the G-A-S. At the same time, the normal albumin/globulin ratio of 
about 2/1 is decreased or actually reversed, because albumin is more readily 
lost through the urine, or destroyed in metabolism, than globulin, while the latter 
is more easily regenerated, As a generalization, it may be said, perhaps, that 
the total protein concentration of the blood, and especially the albumin fraction, 
rarely rise above normal although dehydration may simulate a rise. On the 
other hand, a great variety of systemic stressors (diseases, intoxications, hemor- 
rhage, malnutrition, etc.) tend to diminish the total blood-protein, and especial- 


ly the serum-albumin concentration. 


Electrophoretic analysis of the serum-proteins in dogs subjected to various 
types of injury (dichloroethylsulphide-mustard, nitrogen-mustards, burns, 
freezing, turpentine, x-rays, bone fracture) showed that the characteristic 
response to all these stressors is a rise in the a-globulin fraction after a latent 
period of about 48-72 hours; at the same time, the albumin content decreases. 
“The concentration of a-globulin appeared to be roughly proportional to the 
degree of injury, this increase apparently represented a non-specific response 
to tissue damage”’.!*! Essentially similar observations have been made in man 
after injury and disease.2 On the other i) : terns of 
Whole sera of dogs, rats and goats injured 
showed a definite increase in t ! 
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Some data concerning changes in the — content the bloog én 
be mentioned below (in connection with individua stressors and hormones) 
but it must be emphasized here that the evidence at hand dx ot yet permis 


generalizations concerning y-globulin changes during the G- 


A rise in the concentration of plasma-fibrinogen IS a rat onstant and 
characteristic feature of the response to a variety of US stimulj.1 


Following exposure to acute, systemic stress, the rise in th 1od-fibrinogen 
level is not immediate; it may take several days to reach its maximum, but then 
it tends to remain high for weeks, even after a single exposure to a stressor 
A careful survey of the entire pertinent literature led to the nclusion that. 
“elevation of plasma fibrinogen is one of the most common Non-specific 
responses of the body to a variety of disease conditions and i comparable to 
other non-specific reactions of leucocytosis and hyperpyrexia. |’he fibrinogen 
response may vary independently of variations of other plasma proteins’! 


Fibrinogen is made in the liver and its production largely depends upon 
adequate food intake. hence the normal increase in the blood concentration 
during stress is impeded in patients suffering from liver disease, pernicious 
anemia and malnutrition.1*° 

The réle of fibrinogen in the G-A-S is not yet known. It obviously plays 
an important part in defense by aiding the development of inflammatory 
exudates and the formation of clots, which prevent hemorrhage from mechan- 
ically traumatized vessels, Perhaps it also helps to prevent excessive, diffuse 
seepage of blood-constituents through the walls of capillary and pre-capillary 
vessels. It may accomplish this by forming microscopic fibrin-plugs throughout 
the vascular tree (even at a distance from the direct injury), wherever the 

| endothelial lining becomes defective and plasma enters into contact with tissue- 
fluid. The close histochemical resemblance of fibrin and “‘hyalin” suggests 
that some relationship may even exist between fibrin formation and the “hyalin- 
osis’’ of the diseases of adaptation. 


It is unfortunate that hitherto, fibrinogen has been studied almost exclusively 
in connection with blood-clotting. As a precursor of fibrin, fibrinogen is indis- 
pensable for the formation of inflammatory transudates and granulomas, the 
scabs which protect epithelial defects during healing, and the temporary scars 
in which collagenous tissue can form. As a liquid cement-substance it safe- 
guards the integrity of the vascular tree. 


Thus fibrinogen participates in many fundamental phenomena concerned 
with reaction to local and systemic injury. As a circulating blood constituent, 
it necessarily reaches any injured part of the body and since it becomes soli 
(fibrin) upon contact with tissue, wherever vessels are damaged, it is ideally 
suited to Serve as a temporary protein mold for tissue regeneration. In this 
sense, fibrinogen is undoubtedly of such paramount importance in the G-A-S. 
that its metabolism would deserve more careful attention than it has received 
hitherto. We know that fibrinogen comes from the liver ignore © 
subsequent fate both of this compound itself and sig) N 


is transformed into fibrin. We know that fib 
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resulting split-products are still a mystery. We know that the blood-fibrinogen 
concentration rises after systemic stress, but it remains to be seen whether at 
this time there is an actual increase in the “utilization” of fibrinogen, perhaps 
due to continuous fibrin formation with subsequent fibrinolysis. It is well 
established that blood-fibrinogen levels can be raised by high-protein diets or 
by intravenot yjection of the compound itself. It would obviously be of the 
greatest practic] interest to know whether such measures could raise resistance 
to stress by fac:litating the normal hyperfibrinogenemic response. It is sug- 
gestive, in this connection, that “‘a failure of fibrinogen to increase above normal 
jn instances of severe infection may be a poor diagnostic sign..."".157 

Proteinuria rather characteristic of shock and the immediate recovery- 
period in man, irrespective of the eliciting stressor. It has been noted after 
traumatic injury, burns,'** infections, intoxications, etc.!® It is especially note- 
worthy that proteinuria was frequently observed in our experiments on rats 
in which hypertension and nephrosclerosis were produced by chronic exposure 
to various damaging agents such as parenteral injections of formaldehyde or 


foreign proteins, excessive muscular exercise and especially cold. These 
animals were sensitized to the stressors by partial nephrectomy as well as a 
high-protein, high-sodium diet and the proteinuria coincided with the develop- 
ment of hyalinosis and adrenal-cortical enlargement.'” 

Allegedly some degree of albuminuria is quite characteristic of the A-R 
no matter how it is elicited. This has been ascribed to an increased per- 
meability of the glomerular tufts. In rabbits in which an A-R was produced 
by formaldehyde, histamine or forced exercise — unlike in controls — intra- 
venously administered human serum albumin was rapidly excreted into the 
urine. From all these observations it was deduced that the “physiologic 
albuminuria” of man (which may occur during stress in the absence of renal 
disease) is due to the A-R.16* 

Traumatic injuries increase the blood-protein level only if there is marked 
hemoconcentration; 1°! there is no close relationship between the degree of 
hypoproteinemia and the clinical severity of traumatic shock.1% The absolute 
amount of blood-proteins is diminished.’ 

The permeability of membranes to albumin, globulin and fibrinogen dimin- 
ishes in that order, 4 since it is inversely proportional to molecular size. A 
study, by precipitation methods, of the plasma-protein fractions revealed a 
marked rise in globulins and fibrinogen with a diminution of albumin, after 
trauma. This may be related to the above differences in membrane perme- 
ability; °° however. the ability of the organism to make proteins must 
also be taken into account. In any event, incre lasn nogen 
Occurs regularly in men exposed to traumat 

In the rat, laparotomy is immed 
and globulin and a 
and fibrinog . 
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Pperiod.9? Th. . 
lobulin fraction remained high throughout this period. | he post traumatic 
a in blood-fibrinogen is unaffected by starvation of up to 72 hrs. jn the pat 
It is probably related to the A-R.'!% ; 


; , fa se it was concluded that the ticeno 
From experiments in the mouse it was ¢ SUe-Drotejn 


concentration does not rise in a limb damaged by tourniquet. } lectrophoretic 
analyses of the fluid in the injured leg disclosed no component h the mobility 
of albumin, but a faster new component appeared, whose sedimentat 'ON-Constant 
in the ultracentrifuge was greater than that of albumin. It « a oncluded that 
contrary to common views, plasma-proteins do not accumulate in Himbs damageq 
by tourniquet.’ However, in view of the many contrary data listed in this 
chapter, this cannot be accepted as a rule valid in all cases. 

During and immediately after severe traumatic injuries in man, the urinary 
elimination of albumin is probably due to the increased permeability of 


damaged glomeruli.'" 

Burns decrease the total blood-protein concentration,'” mainly due to loss 
of albumin, presumably by leakage into burned tissues.'™! Hence a diminution 
of the albumin/globulin ratio is a constant accompaniment of severe burns.” 
In this case much protein is lost on and around the burned surface itself, but 
this does not always account for such changes since other systemic stressors 
likewise tend to diminish the albumin/globulin ratio, 

Electrophoretic studies show that in dogs three abnormal a-globulin-rich 
fractions appear after injury by burns.7* Subsequent studies revealed that, 
both in the rat and in the dog, thermal injury increases the a- and B-globulin 
and decreases the y-globulin and albumin fractions of the plasma.!74 


Electrophoretic analysis of the burned tissue and its surroundings led to the 
conclusion that, in the mouse, thermal injury is not accompanied by any 
detectable leakage of protein into the burned area,1™ but it is difficult to 
reconcile this observation with the bulk of pertinent data derived from 
observations on other species. 

The albuminuria frequently noted in patients with severe burns 1° is presum- 
ably due to glomerular damage such as is seen after various types of systemic 
stress 

Since fever is a common accompaniment of infectious diseases, the question 
arose whether this could be the immediate cause of the increase in blood- 
fibrinogen so often noted in infections (see below). However, fever induced 
by high environmental temperature produces little or no elevation of plasma- 
fibrinogen hence “fever per se probably is not the cause of the abnormally 
increased fibrinogen concentrations observed in many febrile diseases’.1" 

While most stressors tend to cause an increase in blood-fibrinogen, exposure 
of rats to cold elicits a marked fall, within the first day. This is followed by 4 
rise, to a still subnormal level, which is maintained for several weeks. During 
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the initial pronounced fall, the changes in the adren 
of the A-R, while later they correspond to the resistant stage of the G-A-S 
Thus, undoubted cold influences the blood-fibrinogen in a rather ecific 
manner; yet the non-specific rise jn blood-fibrinogen, characteristic a the 
resistant stage have been Superimposed upon the specific fibrinogen- 


als and thymus are typical 


depressing effect of cold.1% 

Interesting]; e inuria 1s common among patients who react with a 
marked rise in b ’d-pressure and diminished renal function (clearances) in 
the “‘cold-press Bi 

The regeneration of blood-proteins following hemorrhage has been the 
subject of very extensive studies This type of stress naturally leads to a 
Joss of plasma-proteins, but under normal conditions, this is rapidly compensated 
for by increased synthesis of blood-proteins from food stuffs.18! Experiments 
in the dog showed, furthermore, that even in the absence of preformed protein, 
the parenteral administration of the ten essential amino-acids suffices to restore 


the blood-proteins after hemorrhage.!*? 


In patients who simultaneously suffer from trauma and hemorrhage, the 
loss of plasma-proteins may play an important réle in the development of 
secondary shock, especially if blood-protein regeneration is impeded by a 
superimposed hepatic damage.'*3 

A brief report mentions that in anoxia there are electrophoretically detect- 
able changes in the £- and y-globulins of the blood, but curiously, the direction 
of these deviations has not been divulged.'** If guinea-pigs are exposed to a 
decreased atmospheric pressure for 30 minutes no obvious change in serum- 
albumin is detectable,!** but perhaps such brief anoxia is not sufficient to cause 
severe systemic stress. In mountaineers ascending to very high peaks, the total 
plasma-protein level rises during the first day, then it falls considerably, while 
the fibrinogen concentration rises.18* 

Total body x-irradiation has been claimed to cause an increase in total 
Serum-protein and y-globulin content. In previously immunized mice at the 
Same time, an anamnestic response was elicited. In view of the accompanying 
adreno-cortical enlargement and thymico-lymphatic involution, it has been 
Suggested that the changes in the blood-proteins are due to a discharge of 
lymphocyte-protein into the blood, perhaps partly caused by excessive secretion 
of corticoids.187 This work requires confirmation. In dogs various types of 
ionizing radiations (x-rays, Sr‘, Pu**’) raised the aj- and ay-globulins and 
the B-globulins.188 


The blood-fibrinogen content rises followi 
Most types of systemic stress '*” in man. 
Striking increase in total serum-prote 
“on, but this was unaccomp 
istribution of the various 


ignificantly, corti 


ng x-irradiation, 
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In man a large variety of infections, i. Fe — PreuMonia In 
subacute bacterial endocarditis,” mre ppommeces infections, ré lapsing fever aii 
me 1% tick typhus,'®* tuberculosis, ® etc., are accompanied being 
pny ae protein and albumin, sometimes with an incicase in iis 
pyrene content of the serum. These a “8 — | - Same in 
the various infections and indeed, similar to 5 e (angel cangements 
noted in a variety of other diseases.'"° Even simp 2 _ i ction produces 
the same type of derangement, hence it was cone u : ist alterations 
of normal plasma pattern are in fact due to the sai undamental mechanism, 
i.e., inadequate protein retention as an incidental p snomenon n each of the 
diseases studied. It is not surprising then that in the patients w ith low albumin 
content of the plasma, if treated by the administration of an adequate protein 
hydrolysate, thus correcting the protein deficiency, bs a” albumin occurs 
quite promptly and this is accompanied by a decrease in the concentration of 


a-globulin”.1°7 ; as 

A variety of cardiovascular and neoplastic conditions have been intensely 
studied from this point of view. A fall in albumin with a corresponding rise 
in globulins was rather constant, irrespective of the nature of the disease, but 
sometimes the a- at other times the y-globulin fraction rose more markedly.1% 
Such observations also Jed to the conclusion that these variations “are non- 
specific and do not yield sufficient information for diagnosis aod The so-called 
“fibrinogen-B” appears in the blood of patients with congestive cardiac failure, 
coronary occlusion, thrombotic states and sepsis; °° its relation to non-specific 
stress has not yet been elucidated. 

Experiments on rhesus monkeys again showed essentially the same pattern. 
Following infection with malaria or tuberculosis, electrophoretic analysis 
revealed a marked diminution of plasma-albumin, accompanied by an increase 
in a-globulins and fibrinogen.?" 

Only in very acute, fulminating infections, for instance, in grave diphtheria. 
is there a rise in the total blood-protein level, presumably due to the accom- 
panying hemoconcentration.*°* 

Considerable interest attaches to the blood-fibrinogen, because in man a 
variety of infectious diseases, localized inflammations, as well as treatment 
with various bacterial toxins cause a pronounced and very prolonged increase 
in this plasma constituent. Such deviations are manifestly non-specific, since 
they are quite comparable to those seen in other conditions associated with 
tissue-destruction (e.g., neoplasms, x-irradiation, intoxications, etc.).2° It 
has been stated that a lack of the normal fibrinogen response is a sign of bad 
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prognosis and ter to occus especially in very severe infections which are 
associated with liver damage.24 

Special attention has been given recently to the Serum-proteins in cancer 
with the purpose of finding a specific diagnostic test for malignancy. In the 
plood of cance: patients there is ‘‘a quantitative deficiency in one of the 
albumin fraction \lbumin A’, positively charged albumin): decreased cystine 
as indicated b eased sulfur catalytic waves; decreased reducing groups; 
deficient therm gulation. The defect is not specific for cancer, ‘occurring 
also in infectio (he mechanism of the production of the albumin abnormal- 
ity is unknown, ut presumably is due to the effect of some chemical agent on 
hepatic synthe “© Tt is difficult to assess the significance of these changes 
in the absence o! data concerning their possible relationship to stress produced 
by neoplasms and infections. They may be due to the G-A-S,20%» 

Nutritional factors play a very prominent réle in the regulation of plasma- 
and tissue-proteins. On low-protein diets the plasma-proteins of the rat may 
fall so markedly that “hunger-edema” ensues.2 It js particularly noteworthy 
that all the essential amino-acids must be present in the cell simultaneously 
if new protein is to be formed. A basal ration containing all ten essential 


amino-acids is normally adequate for growth in the rat. If, however, this same 
diet is administered so that the ten amino-acids are subdivided into two 
groups, fed alternately at hourly periods (with an hourly fasting period 
between each feeding), then the animals lose weight and apparentiy cannot 
synthetize their body-proteins.2" 

The extraordinarily pronounced fall in plasma-proteins frequently seen 
during famines in man, may lead to such a diminution of the protein-osmotic 
pressure of the blood that “famine edema” ensues.2"7 In this case, as in most 
other types of systemic stress, the plasma-albumin falls most markedly and 
the relative concentration of plasma-globulin rises.2° 

Electrophoretic studies revealed a decrease in albumin and an increase in 
a-globulins following various types of malnutrition in man.2° Yet, the quality 
of the diet is probably also important since on certain rations semi-starvation 
may actually increase the serum-albumin concentration in man.2 In the 
“isohydric famine edema” the volume and protein-concentration of the blood 
remains normal; hence even hunger-edema is not necessarily dependent upon 
a diminished protein osmotic pressure of the plasma.*1 

Allegedly, in mice the y-globulin content of the serum increases during 
inanition. Since this is accompanied by adrenal enlargement and thymic 
involution, it was assumed that this type of stress also acts by stimulating the 
Production of corticoids which, in turn, cause destruction of lymph 
and liberation of y-globulin from the cytoplasm of : 
Phocytes.2!! In man, chronic starvation (cor 
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ibri oncentration,*"* presumably 
ration decreases blood-fibrinogen c ent J ably due 
. Sr atta blosks for the synthesis of fibrinogen OF as a result of A 
een hepatic damage. Only one publication states that the nie 
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of fasting, food ingestion... , etc. 2 a 
ari i ly undernourished people, for ine 
Proreinuria may also occur in severely Odea le, for instance 
in starved prisoners. This is due to glomerular lesions, as we shall see later.213 
' i ; ic-protein content 
While starvation decreases the oe i “ t in the rat, i 
does not affect any one fraction specifically; hence th S NO reason to believe 
that a certain type of liver protein is selectively utilized in emergencies 216 
Toxic doses of various drugs likewise influence the plasma proteins, dye 


to their non-specific stress effect. 


Using fractionation procedures, it was found that dogs damaged by turpen. 
fine injection exhibit new a-globulin fractions which are not detectable in normal 
dog serum. This type of damage, as most other kinds of systemic stress, 
results in a rise,in serum a-globulins with a corresponding decrease in alby. 
mins.*"* If a local inflammation is produced by an irritant, such as turpentine, 
the protein-catabolic processes are especially stimulated in the inflamed area 
itsel f.2"8 

Since the formation of serological antibodies appears to be associated with 
the globulin fraction of the blood-proteins, it is of interest that injection of mice 
with toxic substances, such as benzene or potassium arsenite, was claimed to 
liberate antibodies from lymphocytes, in the sense of an anamnestic reaction.2"” 
One investigation concerning serum-proteins during metrazol-shock, revealed 
no characteristic changes,*° but insulin-shock elicits the characteristic fall in 
blood-albumin with a rise in globulin.2?4 


Parenteral administration of foreign proteins in the rat may cause the 
elimination through the kidney, not only of the injected material, but also of 
rat serum-proteins.** Consequent precipitation of protein casts in the renal 
tubules may play a réle in the pathogenesis of the nephrosclerosis and hyalinosis 
caused by parenteral administration of various protein-containing preparations 
(e.g., sera, tissue-extracts). The possibility of causing renal damage in this 
manner must therefore be kept in mind in connection with the interpretation 
of the diseases of adaptation. 


An increase in the relative concentration of plasma-globulin was produced 
in rats with an aqueous festicular extract,*? but since this preparation was 
toxic and produced marked adrenal enlargement, thymus atrophy and lympho- 
penia, all its effects were ascribed to the resulting A-R,2#4 


The blood-fibrinogen level rises following the injection of various toxic sub- 
stances, especially foreign protein, proteose or peptone.?*° 
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/ the lamac In age “ . a 
amy other < ging agents, e.g., “gravity shock diminish the plasma- 


rotein concentration,“ presumably due to their non-specific stress effect 
Plasmapheresis (repeated bleeding with return of the w ashied ved calls) 
ig particularly effective in this respect. but its action is of course largely 
specific. However, even in this case, the blood-protein level is readily restored 


by the subcutaneous or intraperitoneal administration of protein digests.2*7 


Stimuli Influencing the Protein Concentrati 
During the G-A-S 


on in Blood and Tissues 


A decrease in the albumin/globulin ratio of plasma has been demonstrated 
after hypophysectomy in the rat, both by electrophoresis 288 and by chemical 
fractionation his suggests that the relative hyperglobulinemia of systemic 
stress (in this case, the stress of the hypophysectomy itself) is not dependent 
upon hypophyseal hormones. Electrophoretic analysis of the plasma in hypo- 
physectomized rats, treated with either somatotrophin or ACTH, revealed an 
increase in the albumin/globulin ratio without any corresponding increase in 
antibody-containing globulin fractions.230 


In the intact organism the pituitary continuously exerts a pronounced effect 
upon protein metabolism. It acts chiefly through somatotrophin and the 
gonadotrophins (especially L.H.) which have strong anabolic effects; the 
former because of its ‘growth-hormone” action, the latter, at least in the 
male, through the liberation of anabolic testoids. Furthermore, thyrotrophin 
tends to cause catabolism by discharging thyroid hormone. When present 
in excessive doses, the latter so stimulates metabolism that food intake can- 
not keep pace with wastage. Corticotrophin can influence protein metabolism 
both through the production of gluco-corticoids, which tend to catabolize 
proteins for the production of carbohydrate, and by stimulating the elaboration 
of anabolic testoids in the adrenal-cortex.2"! Usually the former action prevails. 

In our experiments with crude LAP, the protein-anabolic effect manifested 
itself mainly by the great increase in the weight and protein content of the 
kidneys, liver, spleen and the body as a whole. All these effects were due 
mainly to somatotrophin, but perhaps partly also to special renotrophic and 
hepatotrophic principles. In rats sensitized by partial nephrectomy, NaCl 
and a high-protein diet, these effects were associated with marked proteinuria, 
due to accompanying pathologic kidney lesions.2*? This loss of protein is 
Somewhat reminiscent of that seen in the nephrotic syndrome.2** 

Many investigators studied the influence of corticotrophic and corticoid 
hormones upon the y-globulin fraction of the plasma and the production of 
antibodies. This work is especially pertinent to our problem since it had been 
claimed that, coincidently with the marked thymico-lymphatic atro and 
lymphopenia typical of a severe A-R, the y-globulin } blood 
increases. At the same time, there is a d 
Plasma in animals immuni 
Stress, This sudden di 
of immunized anim 
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caused by systemic stress, have allegedly been Reproduced by ees Mection of 
i ‘phin, but both the hormone and systemic stress fail to exer the 

poor ena dn adrenalectomy.2* However, others obtained nO rise in plains 
y-globulin following ACTH treatment in pai ori in most disease, 
nondanhee to a hyper-y-globulinemia, ACTH , The thermaj 
coagulation of serum proteins, as defined by Saat ( index”, also 
decreases after ACTH, as it does during the A- : gh " \ore in sevena 
(unpublished) cases of acute systemic infections, A caused a fall of he 
previously elevated blood-fibrinogen level. : 

The corticoids themselves, allegedly raise y-globulin and antibody titers 
even after adrenalectomy, hence it was concluded that th discharge of 
corticoids and the resulting thymico-lymphatic atrophy are prerequisites for 
the antibody and y-globulin response to systemic stress.*°° Only in the Gage 
of severe x-irradiation was the y-globulin increase obtainable {ter adrenal. 
ectomy. Small doses of x-rays apparently work through th usual AR 
mechanism since their effect was prevented by adrenalectomy 2%" However, 


re-examination of the problem revealed identical concentrations of serum. 
antibodies and y-globulins in adrenalectomized rats, irrespective of whether 
or not they were injected with cortical extract (or DCA) during immunization, 
“It is concluded that adrenal cortical activity is not essential for the fabrica- 
tion or release of antibodies and y-globulin” .2%8 

Nevertheless this problem is far from being settled. In adrenalectomized 
rats cortical extracts apparently cause a much more pronounced rise in 
y-globulins than saline injections and although typhoid vaccine can raise the 
serum y-globulin level even after adrenalectomy, corticoids enhance this 
response.*°* 

As judged by experiments on rats fed glycine tagged with heavy nitrogen, 
the turnover of serum-protein is unaffected by adrenalectomy or the admin- 
istration of adrenal-cortical extracts and/or DCA.23° 

The post-traumatic rise in the blood-fibrinogen of the rat is greatly 
diminished by adrenalectomy, but its duration is prolonged. Apparently “the 

adrenals play an important réle in fibrinogen metabolism” especially during 

3 the A-R.23% 

| An increase in plasma-antibodies has been claimed to occur after treatment 
with impure cortical extracts 24° and it had been reported that repeated, 


“4h simultaneous administration of adrenal-cortical extracts and antigen to intact 
te animals produces higher antibody titers than does injection of antigen alone. 
if In mice adreno-cortical extracts caused a rapid and marked rise in total serum- 
A proteins, but no change in their electrophoretic pattern.241# 
at Cortical extract produced no marked change in the plasma-proteins in chil- 


dren.**? Experiments on hens likewise yielded negative results,2** but in these 
latter instances perhaps the dosage used was too low. 


soe 
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In man, whenever serum-globulin is increased and albumin-globulin ratios 
are low oF os d ere within a few days, tends to lower the concen> 
tration of globulin and normalizes the albumin-globulin ratios 
In patients treated with DCA durin re nies ; 
np ; aed : : J convalescence from various condi- 
tions conducive ' Wa inemia (enterocholitis, hepatitis, nutritional disturb- 
ances) there » Tall in total serum-protein, This was mainly due to a 


decrease in th >umin-fraction, The total globulin concentration showed 
only a transitory fall, followed by a rise to approximately the level prevailing 


before DCA- ustration, The euglobulin fraction declined parallel with 
the albumin cur hile pseudoglobulins | and II, as well as the fibrinogen 
rose during tr« ent. These changes were not secondary to blood dilution, 
since the diffe: iractions were unequally affected and the pseudoglobulins 
rose even more in absolute than in relative terms.24+ : 

In rats in which nephrosclerosis is produced by DCA overdosage, marked 
proteinuria is ’mmon Occurrence. It can be diminished by simultaneous 
treatment with renotrophic testoids.245 

Obviously, the effects of the G-A-S and especially the corticoids upon 
globulins and specific serological immune-reactions are of the greatest impor- 


tance and deserve to be carefully re-examined, but the data now available 
permit no definite conclusions (cf. chapter: Serologic reactions), 

Injection of adrenaline considerably increases the blood-fibrinogen content 
within ten minutes in the dog; this coincides with a decrease in the blood- 
coagulation time.**" The marked adrenaline and sympathin discharge during 
the A-R, probably participates therefore in the causation of hyperfibrinogenemia 
during systemic stress. 

Adrenaline also raises the total plasma-protein concentration both in animals 
and in man. This is allegedly prevented by splenectomy and has consequently 
been ascribed to splenic contraction, such as also occurs during emergencies.2*% 

In dogs with experimental renal hypertension, the y-globulin content of 
the blood was greatly increased and in one animal which showed severe 
vascular disease, the 8-globulin and fibrinogen values were also far above 
normal. It was suggested that “elevation of B-globulin seems in some manner 
associated with the occurrence of vascular disease’’247 (Cf. Blood-proteins in 
human hypertension.) 

In rats bearing an “endocrine-kidney”, protein catabolism is always very 
rapid and intense. Interestingly, here even the ensuing considerable weight 
loss is quite ineffective in preventing the development of hypertension and 
generalized cardiovascular hyalinosis.2* 

Renin or hypertensin injections cause an intense, but transient proteinuria, 
Ssociated with the excretion of fibrinogen, in the rat. This na 
by evidence of glomerular damage and has been th 
Pressure.*484 Tt remains to be seen, he 
verproduction of RPS could no! 

is mechanism. a 
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t the same time, it also tends, at least slightly, 2 iota ne Testo. 
pe dcacag strongly renotrophic, hence, at a —_ : ose level, it might actual, 
counteract the renal defect itself. This possibi ity Aen been adequately 
investigated, but the protein anabolic properties of testoids have been demon. 


; er ; 248b 
strated beyond doubt both in animals and in man. 


H c c sco : hI] 7s. ie : 

Partial hepatectomy seriously impedes ies tess! tise in blood-fibrinogen 

and globulin caused by traumas in the rat." This is in agreement ca 
expectations since fibrinogen is made in the liver. 


Creatine and Creatinine 


It will be remembered that creatine is of paramount importance in muscle. 
contraction; indeed the force of contraction is dependent upon the breakdown 
of phosphocreatine, while recovery of contractility presupposes the resynthesis 


of the resulting phosphate and creatine. he ; 

Creatine is presumably derived from glycine, guanidine or guanidine deriy- 
atives. It is eliminated in the urine as creatinine (creatine anhydride). The 
total daily amount of creatinine normally excreted in the urine is remarkably 
constant and being almost entirely of endogenous origin, it represents a rather 
accurate indication of muscle catabolism. In patients with nephritis, the urinary 
excretion of preformed creatinine may be greatly delayed.**° 

Normally, no significant amounts of creatine are excreted as such, excessive 
creatinuria occurs in starvation, febrile and wasting diseases, diabetes mellitus, 
hyperthyroidism, that is, whenever marked catabolism (especially of muscle) 
is in progress. More specifically, creatinuria is characteristic of eunuchs 
and eunuchoids, post-encephalitic Parkinsonian rigidity and of some myo- 
pathies.°! Testosterone strengthens the flabby musculature and simultaneously 
tends to diminish creatinuria in eunuchoids and castrates, while curiously, 
methyl-testosterone was found to exert an opposite action. The cause of 
this unexpected difference between the two testoids has not yet been explained.*” 

The characteristic creatine-excretion curve during the G-A-S shows two 
maxima, one during the A-R, the other during the exhaustion-stage, while in 
the stage of resistance, creatine elimination may fall below normal. Creatinine 
elimination shows no such typical triphasic pattern. Yet, many stressors (see 

below) can cause marked creatinine excretion, presumably as a result of 
sudden tissue-catabolism. This must be kept in mind especially in connection 
with studies which employ the urinary uric-acid:creatinine quotient as an 
indicator of ACTH-production.* This type of response was observed in rats 
chronically exposed to such different types of stressors as cold, exercise and 
formaldehyde. Usually creatine excretion during the stage of exhaustion was 
slightly above normal, but not as high as during the A-R, presumably because 
at the end of the G-A-S much of the creatine-containing muscle tissue has 
been lost already.?*4 

Few other pertinent investigations were carried through all three stages of 
the G-A-S, but it is well established that following trauma due to injury 
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tourniquet, there is a rise in blood-creatine.255 The tissues of animals in 
traumatic shock exhibit an elevated inorganic phosphate and a decreased 
hosphocreatine concentration." Anoxemia of muscle — such as occurs in 
tourniquet-shoc k — results in an almost complete and irreversible hydrolysis 
of phosphocreatine if it lasts more than three hours. Hence, when circulation 
is re-established, the compound is not re-synthetized and both creatine and 
inorganic phosphate are rapidly washed out of the muscle by the blood.**7 
Following fracture of a bone, creatinuria rises very considerably and 
usually it takes nore than a week before normal levels are reached. The 
elimination of preformed creatinine shows no consistent parallel changes.*°** 
After severe burns, rats show a sharp rise in creatine excretion for about 
two days. At the same time, there is a slight but constant fall in creatinine- 
excretion. The latter was ascribed to impairment of renal function due to 
hemoconcentration.*** Subsequent investigators confirmed these findings?” 
and emphasized that the creatinuria after burns is not affected by high- 


protein diets although the total N loss (as urea and ammonia) is greatly reduced, 

Following electro-shock the creatinine excretion rises intensely within a 
few hours. This is accompanied by various manifestations of an ACTH 
discharge, including a marked rise in uric-acid elimination.2°! 

Increased urinary elimination of creatine and creatinine has also been 
found to be a constant accompaniment of various wasting diseases.?° 

A rise in the uric-acid/creatinine ratio is a rather constant accompaniment 
of systemic stress and can be reproduced with ACTH.2"° The change in this 
ratio is due to a rise in the elimination of uric-acid (see below). Creatine 
excretion is also increased by ACTH in man,763* 

Adrenalectomized dogs, maintained in good condition with cortical extract, 
have a normal creatinine clearance, but this falls rapidly when hormone 
treatment is discontinued.?**” 

As judged by observations on the dog, even large doses of DCA cause no 
significant change in the creatine content of skeletal and cardiac muscle.?"* 
Presumably ACTH influences the uric-acid/creatinine ratio through the 
liberation of gluco-corticoids. Cortisone causes creatinuria in man.*** 

It is perhaps also pertinent that following complete ischemia of the kidney, 
causing a decrease in the renal extraction of p-amino-hippuric acid (PAH), 
marked discrepancies have been observed between the clearance of creatinine 
and PAH on the one hand, and direct renal blood-flow measurements on the 
other.2°5 It appears that following severe bleeding, the creatinine clearance 
also loses its value as a measure of glomerular filtration, as it remains reduced 
to a far greater extent than could be expected with the existing conditions of 
blood-pressure and renal blood-flow.% These observations are of especi 
interest both in connection with the evaluation of end ogen 
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ination in conditions of grave systemic a ie os meton te reatining 
clearance tests in individuals with pronounced hypotension Cuc to shock, 

It has already been mentioned that testosterone ee methy |-testosterone) 
tends to diminish creatinuria, while an excess of oo oo iNCreases jt, 
This is presumably related to the respective anabolic an catabolic effects of 
these hormones, whose participation in the G-A-S has not yet been adequately 


examined.*"" 


Purines, Nucleic-Acids, ADP, ATP, Uric Acid 
and Allantoin 


Purines and Nucleic acids 


The Purine-N content of the liver rises following various types of injury 
(abscesses, anesthesia) in the rat. This change is chiefly due to the purine-N 
of proteins, and is “characteristic of the relationship observed in tissyes 
actively forming new proteins’.2°8 (Cf. ADP and ATP.) 

In view of the manifold important physiologic actions of nucleic acids 269 
— especially in connection with wound-healing and regeneration — it js 
noteworthy that the ribonucleic-acid content of various organs (liver, spleen, 
heart, kidney, muscle, brain) rises significantly in rats after treatment with 
diverse toxic chemicals or implantation of Jensen-sarcomas. This change 
is non-specific, but under the influence of these same agents the desoxy- 
ribonucleic-acid content of the organs showed allegedly specific changes.27” 

There is probably a continuous turnover of desoxyribonucleic-acid in all 
living cells especially when they are actively dividing.27 

In the rabbit and rat, various forms of trauma are followed by an increase 
in the concentration of both the total pentose and its phosphorylated fraction. 
Similar changes have been produced by burns and injection of fatal doses of 
ATP. “It is concluded that trauma is accompanied by an increase in the 
concentration of nucleotide metabolites in the blood stream”’.272 

The metabolism of nucleic-acids in hemopoietic tissues has been studied 

through microchemical and isotope procedures, employing P** following 
x-irradiation. In the bone-marrow, the desoxyribonucleic-acid content de- 
creased within the first 24 hours after exposure, Similar changes were noted 
in the spleen and thymus where, in addition to the above, a decrease in 
ribonucleic-acid was also observed.2? The ribonucleic-acid turnover is 
inhibited by such intense alarming stimuli as vesicants, These stressors do 
not actually destroy the desoxyribonucleic-acid, since the latter remains demon- 
strable (at least as judged by Feulgen’s reaction) in the disintegrating nuclei 
of thymico-lymphatic cells even after their ingestion by macrophages. The 
vesicants may merely depolymerize (and thus inactivate desoxyribonucleic- 
acid) 274 Ribonucleic-acid is also very sensitive to mustards in vitro,27 but it 
remains to be seen whether this bears any relationship to in vivo observations: 


27 Selye 94572/49, 
208 Schultz and Vars B2500/47, 
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In connection ith the humoral mechanism which mi 


ht play a part in such 
o stress, it is noteworthy th Tee a 


responses ¢ ae at hypophysectomy decreases the 
nover of both ribonucleic- and desoxyribonucleic-acid in the rat thymus.276 


r 
Somatotrophin 1ugments the ribonucleic-acid content of the liver2"? and 
increases the nucleic-acid turnover in the thymus,278 

In the doses used up to now corticoids did not exert any marked effect 
upon the nuclei cid turnover in rats. Yet, the renal elimination of purines 
is increased in rats receiving large doses of cortical extract. Since the purine 
content of the blood is not influenced by such treatment in nephrectomized 
rats, the corticoids appear to act on the kidney itself. DCA proved to exert no 
such effect under similar experimental conditions,28° 


Adenosine Diphosphate (ADP) and Triphosphate (ATP). 


It has been suspected that shock is largely due to-an exhaustion of im- 
portant energy yielding compounds, such as the adenosine-polyphosphates.?*! 
While this remains to be proven, it is certain that ischemia greatly reduces 
the ATP content of rabbit 8° and rat 2%? muscle; indirect evidence also 
suggests that adenyl compounds may be released from heart tissue in burned 
guinea-pigs.*“* The adenosine equivalent of rabbit blood is increased by 
cyanide poisoning,** limb-ischemia,*° trauma and “gravity shock’? This 
is all the more noteworthy since ATP itself — when given intravenously in 
large doses — proves to be rather toxic, hypotensive and shock-producing. 
(Cf. Theory of shock.) 


Rats traumatized in the Noble-Collip drum showed a greatly decreased 
tissue-ATP content during the catabolic phase. This may have been related 
to energy transformations occurring in the A-R, since animals rendered 
resistant to this alarming stimulus, did not exhibit any ATP deficiency during 
exposure.*** All these data were considered to support the view that depletion 
of high-energy phosphorus compounds, such as ATP, is an important factor 
in the development of shock. However, animal experiments, with the radio 
active-phosphorous technique, revealed that 214 hours after removal of a 
tourniquet, there is no appreciable reduction, either in the concentrations or 
turnover, of high-energy phosphorus compounds, except in the damaged limb 
itself. This was found at a time when hypothermia, disturbances of carbo- 
hydrate metabolism and other signs of shock were already evident. It was 
concluded that ‘under the circumstances, it is hard to credit the reduction in 

igh-energy phosphorus with a major réle in shock’.*®® In another exper- 
imental series, adenosine compounds could be demonstrated in the plasma 
coming from the injured limbs of shocked dogs, but the 1 entration 
Was too low to account for the resulting hypotens 
emphasized that injection of adenosine-d 
ee. 
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‘ =e ich counteract the toxic, depressor e 
and alkaline-phosphatase (whic. Set Raton effect in traumati effects of 
adenosine compounds given by injection “SUMALC shock 29 


Fatal cutaneous burns markedly raise the “adenosine equi, 


blood, in rabbits.7°"* 


lent” OF the 


Significantly, the “Fridhgift” (see below) has been stated to be adenosine 
or adenylic acid *' and that adenine has a ‘suggestive community of Structure 
with histamine’’.** 

In summarizing the pertinent literature, a recent reviewer came to the BA 
clusion that “there is some evidence that adenyl-compounds are Teleaseq 
from iniured tissues, and that there is a close biological sim! rity between 


shock induced by ATP and by trauma. Whether it has a specific péle “ 
shock or whether it is just one of the many substances capable of producing 
large-scale tissue-injury, is not yet known".*% 


Uric acid and Allantoin 


ye Uric-acid-metabolism likewise suffers characteristic changes during stress, 
: It is well known that an attack of gout, with an accompanying increase in 
blood uric-acid is elicited by a variety of alarming stimuli in predisposed 
t ‘ individuals. Hence a relationship between gouty arthritis and the A-R has 
4 been postulated.2*™ 
ia Traumatizing surgical interventions often precipitate attacks of gouty 
( arthritis. ‘This may be related to the post-operative hypoproteinemia which 
a is frequently accompanied by hyperuricemia. It has been claimed that: “an 
“a elevated uric-acid results because, under the circumstances mentioned, the 


. 
| patient attempts to replenish his protein deficiency through endogenous protein 
at secured from his own body”,?% a process which would have to liberate 
‘a9 uric-acid from its combination with proteins in the cell. 

In man electro-shock causes a rapid rise in uric-acid elimination, but since 
this 1s accompanied by pronounced creatinine excretion, the ratio between the 
urinary excretion of these substances is not necessarily changed.?°7 

During exposure of healthy men to the stress of cold, heat or muscular 
exercise, the rise in the uric-acid/creatinine ratio proved to be a less sensitive 
indicator of ACTH secretion than the eosinopenia. It was emphasized, further- 
more that these two criteria of adreno-cortical function do not always run 
parallel.*95 

The effect of certain mitotic poisons, such as colchicine and nitrogen- 
mustard, has been studied in mice bearing lymphoid tumors, since lymphoid 
tissue is particularly rich in nucleoproteins. It was found that the uric- 
acid/ creatine and (to a lesser extent) the allantoin/creatinine ratios of the 
urine rise markedly 6-48 hours following administration of these drugs. At 
the same time the blood-uric-acid level is raised. In non-tumor bearing animals, 

oe though milder, changes were noted.2% 

“In mice the response of malignant lymphoid tissue to colchicine is mote 
striking than that of the lymphoid tissue of the normal spleen. As reduction 
2 Kalckar and B4757/47. 
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¥ weight of the pleen in the mouse is consistently seen when “alarming” 
stimuli are employed, it is suggested that the increase in uric acid excretion and 
tumor regression obs erved are due to a specific action of the chemical on the 
lymphoid tissue 
" As previously stated, not only stressors but also ACTH injections cause 
an increased elimination of uric-acid, which reveals itself by a rise in the 
uric-acid/creatinine ratio in the urine.” Tt jg suspected that the pronounced 
decomposition o! lymphocytes, which occurs under such conditions, represents 
an important source of the liberated uric-acid,**! ACTP exerts similar actions 
in man.30!" 

Marked rises of this quotient have also been noted after ACTH treatment 
in myasthenia gravis *°* or lymphatic leucemia,.#% However, patients with 
gastric cancer do not respond with increased uric-acid elimination following 
ACTH administration,** perhaps because wasting diseases destroy the lym- 
phatic tissue which is a major store of uric-acid,3% 


Addisonians also fail to respond in this manner to corticotrophin, but their 
uric-acid excretion can be raised by gluco-corticoids. This suggests that the 
effect is mediated by the adrenal-cortex.3% In agreement with this view, 
unlike healthy individuals, Addisonians exhibit no sign of ACTH secretion, 
and fail to excrete an excess of uric-acid following glucose administration.*"7 

In patients suffering from gout ACTH causes a fall in the plasma level and 
a rise in the urinary excretion of uric-acid; simultaneously the acute arthritic 
changes disappear.*”* 

Cortisone and probably other gluco-corticoids as well, increase the elimina- 
tion of uric acid in man.*”" 
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SALT AND WATER METABOLISM 


Changes in salt and water metabolism deserve special a n in stud; 
concerned with responses to systemic stress. During the 5 there pig 
characteristic derangements in the distribution of electro! between the 
cells and the extracellular fluid, changes in osmotic pressure, : ise balance 
renal function, water balance, etc. All of these are closel, related and 


largely non-specific in nature. 


Sodium and Chloride 


Since most of the sodium in the body exists in combination . ith chloride 
the metabolism of these two ions is so closely interdependent that it appears 
advisable to discuss them conjointly. Na and Cl play prominent réles in 
maintaining the constancy of the “milieu intérieur’, especially the water 


balance and distribution, the osmotic equilibrium and the physiologic neutrality 
of the tissues. Hence ever since we began our work on the G-A-S, we placed 
especial emphasis upon the elucidation of the NaCl metabolism changes which 
are characteristic of exposure to systemic stress. Before discussing these it 
may be well, however, to enumerate some of the fundamental facts concerning 
NaCl metabolism. 

Chloride is the most abundant anion in the extracellular (plasma, inter- 
cellular fluid) compartment but little, if any of it, enters the cell body. The 
Cl ion migrates readily across membranes, e.g., capillary walls, which separate 
two types of extracellular fluid, namely protein-rich plasma and protein-poor 
intercellular fluid. However, when two solutions are separated by a membrane 
which is impermeable for one of the ions present in one of these solutions 
(in the above instance protein in plasma), free migration is limited due to the 

Donnan equilibrium”. The presence of protein (which acts as an anion) 
on one side of the capillary membrane, must impede the entrance of the freely 
permeable Cl anion if the osmotic equilibrium and the pH level is to be 
maintained. 
soning is the chief cation in extracellular fluids, but comparatively little 
of it enters the cell-body; here potassium takes its place as the principle cation. 
The difficulty of Na and Cl to enter into, and of K to migrate out across cell 
Chemisty in etre ah eee, Satstactorily explained in terms of physica 
hearer , ese ions diffuse readily across semipermeable mem- 
- ho oy e trast ee most of the Na and Cl, the erythrocytes 
atively large amounts of ‘CL ¢ other cells, erythrocytes do contain compat~ 

‘ » which can quite readily be exchanged with 
lasma-Cl and vi j : z, : Oe 

plasn nd vice versa. For instance, loss of pl Cc uring 
ventilation draws Cl from erythrocytes j ‘ pose 
ment. Na is much ] iffusi teh eee 
uch less diffusible. To illustrate the q 
as compared to the Na-ion, it may be mention H 
injection of neutral NaCl solution in the rabbit 
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centration in th og te es and plasma; at the same time it causes acidosis 
with a all in - ae while in the peritoneum, the pH rises 
because the e va, left behind at the site of injection, results in local 


2, most of the Na is combined with Cl, yet considerable 


» HCO,, protein and other anions; on the other hand, 
ent as the Na salt. 


alkalosis.’ In P 
quantities are [ 
almost all the ¢ 

Normally, eli: n of Na and Cl from the body occurs chiefly through 
the urine. Sin ions are “threshold-substances”, their excretion ceases 
completely » he concentration in the blood falls below a certain level. 
Even under no: nditions, more than 99% of the NaCl filtered through 
the glomerular ries is reabsorbed in the proximal convoluted tubules: 
this reabsorpti« ymes practically complete when the blood levels of 
these ions fall | the threshold. The urinary excretion of Na and of Cl 
is relatively, but not strictly, interdependent since Na can appear in the 
urine as phosph sulfate, etc., while Cl can be eliminated in combination 


with NHs,, K, and other cations. 
In the event of profuse sweating, large amounts of NaCl are lost through 
the skin. In sweat, the concentration of Na and Cl are approximately equal. 


In profuse vomiting, and especially after pyloric obstruction, considerable 
quantities of Cl are lost as HCI, and a smaller amount as NaCl, by excretion 
through the gastric mucosa. This leaves the body with a disproportionate 
Cl loss, thus causing alkalosis. A very large proportion of the body's Cl 
reserves are used up daily in the production of gastric secretion, but normally, 
this results in no loss to the organism since almost all of the Cl is subsequently 
reabsorbed in the small intestine. 

In diffuse diarrhea, huge quantities of NaCl are lost through the intestine. 
This is largely due to lack of NaCl absorption, but partly also to abnormal 
excretion of NaCl through the damaged intestinal epithelium which normally 
does not participate to any significant degree in the elimination of NaCl. 

Students of this field should keep in mind that because of the technical dif- 
ficulties inherent in Na determinations, many of the pertinent data in the liter- 
ature are not reliable. Some statements concerning the Na concentration 
of blood or urine have even been based merely on Cl determinations (which 
are technically easier), on the erroneous assumption that all the chlorides were 
present as NaCl. 

Systemic Stress 

During the G-A-S the whole-blood chlorides describe a very characteristic 
curve. There is an initial fall (A-R), followed by a return about th 
normal level (stage of resistance). Eventually (s 
often, but not always, a second 
observed in the rat after exy 


formaldehyde, etc.). 
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It is often claimed that whole-blood-Cl determinations ay instruc 
since the plasma contains much more Cl than the blood cells rence hy \ 
chloremia is allegedly ‘simulated’ by any condition raising {he hemato> 
values and vice versa. It will be remembered, however, that C} shifts rede 
from the red cells into the plasma and back. Hence, whole-bloo, chlorides tly 
us a more accurate picture of the total available Cl than plas . detex 
ations. Thus in rats treated with formaldehyde or cold, th¢ cell chloride 
are markedly diminished during the A-R and increased dy ing the ~ 
of resistance, while the plasma-chlorides show much less pronounced variations 

The hypochloremia of the A-R is readily reversible du; ng rest; date 
exposed to cold for 24 hours, and exhibiting very low red-ce]] chloride values 
accumulate more than the normal amount of Cl in the erythrocytes following 
a rest of only two hours.* These observations furnish furthe; SUPPort for 
the view that some degree of correlation exists between resistance and blood-C] 
concentrations. 


The Ci concentration of the tissues increases characteristically as a result 
of injury. This rise is mainly due to accumulation of Cl-rich intercellular fluid 
but some NaCl may also enter the damaged cells themselves.’ Usually the 
rise in Cl concentration is pronounced only in the directly damaged area. 
Thus, in the cat, a marked rise in muscle-Cl concentration was observed in the 
leg following application of a tourniquet, while the intact leg of the same 
animal showed no corresponding increase.* 

The daily urinary-Cl excretion in the rat falls during the A-R, rises to or 
above normal in the stage of resistance and then again decreases to very low 
levels during the stage of exhaustion.’ 


During an A-R produced in rats by gastric and intestinal manipulation or 
by histamine injection, the urinary excretion of intravenously injected NaCl 
is delayed and tissue-edema ensues. “The effect of damaging agents in pro- 
ducing water and sodium retention should be borne in mind in assaying 
crude extracts for anti-diuretic activity and in drawing conclusions as to the 
cortin-like nature of the action of certain compounds in causing sodium 
retention’’.§ 

Leriche® had pointed out that traumatic hypochloremia and hypochloruria 
are characteristic of the “postoperative disease", Similar findings have been 
reported by numerous authors who studied patients after extensive operations 
and it was emphasized that the fall in blood-Cl affects both the erythrocytes 
and the plasma, but it is more pronounced in the former.1% 


The so-called “hepatic: shock” produced by extensive partial hepatectomy 
in the rat likewise causes a pronounced fall in whole-blood-Cl.!4 

Simultaneously with the hypochloremia and hypochloruria, the Cl con- 
centration in the directly damaged tissues rises during shock. It was assume 
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that the chloride n the blood and urine fall because they are deviated into 
the site of injury ; 

e paper reports an increase j " . 

Only one pat ei rs : e - in red cell-Cl, with unchanged plasma-Cl, 
after traumatic injury in the dog. The Singular nature of this finding was 
apparently not ppreciated by the authors since they made no mention of 
the many contrary reports in the literature. 

Concurrently ith the hypochloremia, the plasma and urine sodium con- 
centration also during traumatic shock in man,14 Many investigators 
emphasized the resemblance between the Post-operative decrease in blood- and 
urine-NaCl and that seen in adrenal insufficiency." Several authors also 
expressed the vic that the post-traumatic derangement in NaCl-metabolism 
corresponds to the shock phase of the A-R in which a condition of relative 
adrenal insufficiency prevails, 

The tissue-Na concentration rises under the influence of trauma, at least 


in the region directly exposed to injury. For instance, after release of a 
tourniquet, both Na and water are retained in the gastrocnemius muscle of the 


rabbit, but the gain in Na exceeds the rise in water content ‘‘to such an extent 
that it is concluded that sodium has penetrated into the intracellular com- 
partment”.'* Experiments with radioactive Na in mice also showed that ‘‘the 


sodium content of injured skin and muscle is greatly increased and exceeded 
the gain in water (edema). This indicated that additional sodium accumulated 
in the intracellular compartment. As a result of the redistribution of sodium 
and water, approximately one half of the total of extracellular sodium was 
sidetracked and rendered unavailable”. According to these investigators, even 
administration of additional sodium by injection was followed by nearly com- 
plete retention of the Na in the injured animals, while normal controls excreted 
it in the urine.'* The Na which enters the injured cells displaces K.1® 

After a single hemorrhage, the plasma-Cl concentration was found to be 
unchanged in dogs.*” In patients with recurrent gastric hemorrhages due to 
peptic ulcer, who were not allowed to take water. hyperchloremia was asso- 
ciated with an almost complete cessation of Na and Cl elimination through 
the urine. If NaCl was given during the period of post-hemorrhagic blood 
dilution, the plasma-NaCl rose far above normal, but almost all of this extra 
salt was retained. This was considered to be “a regulating mechanism estab- 
lished for the purpose of restoring the normal filling of the arterial system 
by way of an augmentation of the total extracellular fluid and therefore of 
blood-plasma”’.2 Presumably the normal hypochloremic response to systemic 
Stress is largely dependent upon available water and may actually be reversed 
by dehydration. 

leeding, sufficient to produce fatal sh 

the Na and Cl content of the liver in the rat 
€morrhages however, 
Na falls correspondi 
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this latter type of change. The loss of Na was interpreted as a terminal ey 


since it was noted only when the animals became moribund.” ent 

Patients with extensive burns likewise show low blood-C} values, ane 
cially while their general condition is critical. This often occurs at about r 
5th day.** At the same time, there is generally a decrease in the tite 
elimination of Cl.24 In animals, burns also produce hypochloremia.25 y 

The plasma-Na likewise diminishes in patients with burns. Here again 
minimum is often reached around the 5th day, with a retur: towards stp 
of both blood and urine Na and Cl between the 2nd and 6th day if the Patient’ 
condition improves.*" Indeed, during this recovery phase, the blood-Na iy 
centration may exceed the initial value; ** this could perhap represent ay 
inverse response due to overcompensation (counter-shock phen menon), 

The fall in the level of serum-Na, after severe burns, in man °° and animals.» 


led to the suggestion that here Na is lost into the injured tissues. 

Further studies on burned patients revealed “an early negative potassium 
balance with positive sodium balance reversing itself after 48-72 hours, and 
an ingress of sodium into the cells of burned skin’’.2° Observations with radio. 
Na, as a tracer, showed that in the mouse, enormous quantities of Na entered 
the burned muscle and skin.*! Curiously, even burns which do not cause any 
significant local fluid accumulation result in extrusion of K and a corresponding 
accumulation of Na in the intracellular compartment.®2 These investigations 
suggested the use of Na-solutions in the therapy of burns. Here Na appears 
to exert a rather specific therapeutic effect which is not merely due to the 
concomitant fluid administration or the osmotic pressure of this ion. 

Exposure to extremes of temperature induce similar changes in Na-and Cl 
metabolism. We mentioned that in rats exposure to cold causes an initial 
hypochloremia and hypochloruria during the A-R, followed by return to or 
beyond normal levels in the stage of resistance and a second period of hypo- 
chloremia and hypochloruria in the terminal stage of exhaustion.** The initial 
hypochloremia is mainly due to a decrease in erythrocyte-Cl; the fall in 
plasma-Cl is less marked.** All these changes are essentially similar to those 
elicited by other stressors. In man, increasingly marked Cl losses were noted 
upon repeated brief exposures to cold.*° The plasma-Cl remained unchanged,” 
but here the degree of stress was hardly of the same magnitude as in the 

above-mentioned animal experiments. 


Injury by immersion of a leg into a cooling mixture (— 55° C) for three 
minutes, led to an increase in the water content of the injured muscle in 
rabbits, but the simultaneous rise in Na concentration was proportionately 
much larger, and the plasma-Na fell. It was concluded that these results, 
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together with observ ations concerning various other types of injury, “suggest 
that redistribution of sodium is a non-specific event which follows severe 

Boe Of te th; ze 
injury regardless o! the means by which the injury was produced” 87 
Exposure to excessive heat leads to profuse sweating and considerable 
Josses of Na and Cl through the perspiration.28 Because of the simultaneous 


Joss of water and h -moconcentration this may actually be accompanied by an 
e NaCl concentration of the p 


increase in the lasma. However, if excess water 
is ingested, the plasma concentration of NaC] falls.*° This condition is often 


accompanied bs e so-called “miners cramps”, a derangement in the con- 


tractility of the muscles. 

NaCl losses in heat-stroke have been reported by many investigators 
although apparently they are not always manifest.49 In any event, prophylactic 
administration of NaCl appears to be indicated.41 

The tendency to lose Cl upon exposure to external heat is in sharp contrast 
to the Cl-retention typical of diseases which cause fever, and especially of 


pneumonia (cf. below). Apparently in the former case, the salt loss is largely 
a consequence of the sweating, which is an integral part of the specific adaptive 
response of individuals attempting to defend themselves against undesirable 
overheating. 


Comparatively few other stressors have been systematically examined for 
their ability to cause G-A-S changes in NaCl metabolism. Most observations 
are concerned only with the A-R and in some instances, the beginning of the 
resistant stage. However, generally speaking, the available data are con- 
sonant with the above description of the “characteristic response” to systemic 
stress. Thus, it was found that following x-irradiation the serum-Cl con- 
centration falls,4* and this is accompanied by hyponatremia.* In exper- 
iments on the rat a transitory increase in the Na, Cl and K elimination was 
noted during the first few days after x-irradiation.‘4 


Following maximal electrically-induced seizures, the plasma-Na concentra- 
tion rises in the rat, simultaneously with manifestations of respiratory and 
metabolic acidosis.*° Interestingly, even small changes in plasma-Na are 
accompanied by a change of the electric seizure thresholds in the same direc- 
tion. The elevation of electric seizure thresholds by DCA, for instance, has 
been duplicated by the administration of NaCl." 

Certain stressors appear to elicit changes in NaCl metabolism which 
differ from the typical G-A-S pattern. Thus intense, forced muscular exercise 
causes hyperchloremia in the rat, with no, or only a slight, initial hypochloremic 
phase, However, animals forced to perform intense musc' ne 
to bleed from their paws, and since the hyp ni 


marked hemodilution and a fall in the 
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simulated here by hemodilution due to hemorrhage and the con omitags 

portional increase in the Cl-rich plasma.** Pro- 
Interestingly, in man, even mild muscular exercise causes Na-reteng 

allegedly because it augments the tubular reabsorption of this jon hit _ 

glomerular filtrate.** e 
Exposure to anoxia appears to cause a temporary ris: Na and fs 


excretion subsequently followed by a compensatory reduction duri 0g the perj 
of recovery.*” In men working at high altitudes, the major ek: olyte Fr 
in the blood was claimed to be an increase in the Cl and a decrease in the hs 
and bicarbonate content of the serum.*” % 
Especially pronounced changes in NaCl metabolism occur during Certain 
infectious diseases. : 


As early as 1852 Beal *' and twenty years later Salkowski* found that the 
blood-Cl concentration falls and no Cl is eliminated in the urine at the height 
of lobar pneumonia. This has been confirmed,” but allegedly there are no 
correspondingly severe changes in Na metabolism. Since the concentration of 
organic acids increases during pneumonia, both in the blood ** and in the 
urine,®® it was claimed that the hypochloremia and hypochloruria could be due 
to displacement of Cl by organic acid radicals. 


Even administration of NaCl causes no significant change in the plasma con- 
centration of these electrolytes during pneumonia and huge doses must be given 
(preferably intravenously) before any of the injected salt reappears in the 
urine."* From these observations it was concluded that in pneumonia large 
amounts of NaCl are accumulated in the pulmonary exudate itself, especially 
since the Cl balance (which on a normal diet is positive before the crisis) sud- 
denly becomes negative when the exudate is absorbed. If much NaCl is given 
before the crisis, edema may form, so that perhaps some salt and water retention 
also occurs outside the lung.*? After the crisis, with the excretion of fluid and 
salt, the body weight tends to fall markedly; this likewise implies that greater 
NaCl and water retention must have occurred than could be explained on the 
basis of accumulation in the lung only.*8 


It is especially noteworthy that many investigators reported clinical improve- 
ment following intravenous administration of hypertonic salt solutions in lobar 
pneumonia.” Furthermore, the degree of the hypochloremia is allegedly a 
valuable index of prognosis since blood-chlorides of less than 87m.eq./L. are 
always indicative of a severe condition. 


In various other infectious diseases, especially in tick typhus,* typhoid, 
recurrent fever, erysipelas, peritonitis, diphtheria and other very acute infections 
causing considerable systemic stress, the NaCl balance is often similarly, 


es — —_——— ——— 


" Karady et al. A31125/39, Nye Gomme rd foe. RIGBIG/ 26s 
, — A15674/39, A8054/38. A15800/38. os Hone, 82681 sie, ope aee 
w Bocas 8338/9, Brae 526817 /22, Saub, 264/35 
van Middlesworth ak underman / 2 
1° Dales af pr B28285/48. S “t al. 6358 
®1 B26807 /852, : 
= bale 
Darrow Hartman 26808/29, 
Hutchison Sar tig 
Killian B26832/21-22, McLean 8 
et al. B44827/47, POLES 


Peabody B26834/13, 


— 


<—— SYSTEMIC STRESS 189 


a marked! af — . 
though Jess markedly disturbed, as in pneumonia.*? These findings further 


support the view that the disturbance is not specific for pneumonia and may be 

regarded as characteristic of exposure to systemic stress in general. Neverthe- 

jess, the lung appears to play some special réle in these electrolyte changes 

since even chroni ae affecting the lung, such as pulmonary tuberculosis 

and pulmonary tumors ™ cause similar metabolic disturbances, even if they do 
stemic stress. 


not produce acut: 

Non-infectious diseases which produce acute stress, e.g., porphyria “* and 
the many conditions conducive to shock (see above), cause a fall in the Cl and 
Na level of the blood reminiscent of the electrolyte changes seen in hypo- 
corticoidism. ' 

During anaphylactic shock in rabbits the Na and Cl content of the blood 
also decreases, while that of the skin increases. In other tissues the changes 
are less manifest.” 

Toxic doses of various drugs cause similar changes. Thus a fall in plasma- 
Na has been noted in rats in which an A-R was produced by intraperitoneal 
injection of hypertonic glucose. It will be remembered that daily, subcut- 
aneous administration of formaldehyde in rats was one of the interventions 
which we had used in our earliest experiments designed to determine the 
characteristic triphasic blood-Cl response during the entire course of the 
G-A-S.® Such formaldehyde treatment was also among the stressors employed 
to show that a more pronounced fall in erythrocyte- than in plasma-Cl occurs 
during the A-R.®* 

Severe intoxication of dogs with nitrogen-mustard causes great losses of 
Na, Cl and K through the urine. This has been ascribed mainly to increased 
catabolism, but its exact relationship to the G-A-S has not been examined. 

In nutritional deficiencies, especially in starvation “ hypochloremia is also 
common. 

Rats on low-K diets replace muscle K by Na to a large extent, but the 
normal equilibrium is soon reéstablished if they are again given a normal diet.”! 
This is obviously a specific effect not attributable to stress. We mention it 
merely to illustrate that under certain conditions considerable amounts of Na 
can enter into the cell body. 

In rabbits during gravity-shock — unlike in other types of systemic stress 
— the ratio plasma-Cl/cell-Cl allegedly rises above normal. This is due to the 
fact that the plasma-Cl slightly falls or fails to change, while the erythrocyte- 
Cl concentration definitely rises.” 

The cause of such apparent deviations from the typical NaCl pattern during 
Systemic stress will have to be further investigated. “As repeatedly 
Stated in this book, all stressors exert some spe ffects 
and these tend to modify the - 
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Stimuli Influencing Na and Cl Metabolism During the G- AS 
Hypophysis. — In itself, hypophysectomy causes no very specific ching 
es 


in NaCl metabolism,” but if a hypophysectomized rat is exposed tg fe 

(e.g., forced exercise, cold) the whole-blood-Cl may rise to unusually ies 
levels, even though hemoconcentration and hypoglycemia show that the ne igh 
are in the shock-phase of the A-R. This hyperchloremic response jg a oe 
more remarkable since adrenalectomy (see below) was found ro sensitize = 
rat to the hypochloremic effect of systemic stress. Curiously. in hypoph 
ectomized rats even DCA fails to elicit the usual hypochloreinia, while - 
diuretic and chloruretic effect of the compound is even greate: than in on e 
animals.”* Here, pure ACTH increases, impure anterior-lobe extracts detlies 


the urinary elimination of Na." Perhaps the pituitary can produce some facto 
other than ACTH (presumably contained in impure anterior-lobe extracts), 
which greatly modifies the changes in Na and Cl] metabolism caused by Stace 
or DCA. Vasopressin may also play a réle here. 

Selective removal of the posterior-lobe in animals — as spontaneous diabetes 
insipidus in man — impedes the water and NaCl reabsorption in the proximal 
convoluted tubules. Thus it causes polyuria with loss of NaCl, unless adequate 
substitution therapy is instituted with the antidiuretic (vasopressor) posterior- 
lobe hormone. Since emotional stress stimulates the production of the latter 
hormone,” it is possible that the posterior-lobe also participates in the 
pathogenesis of the NaCl changes characteristic of the G-A-S. This Participa- 
tion is rather complex, however, since other emergency reactions, such as 
adrenaline discharge and sympathetic stimulation, inhibit the secretion of anti- 
diuretic hormone which occurs under the influence of emotional excitement.” 

Chronic treatment with an impure anterior-pituitary preparation (LAP) — 
under conditions conducive to hyalinosis and hypertension — caused no mark- 
ed change in plasma Na, Cl and K concentration in the intact rat. Considerable 
Na and C1 losses in the urine occurred only after the resulting nephrosclerosis 
had caused severe renal damage. In short-term experiments on the other hand 
(under conditions not conducive to nephrosclerosis), purified corticotrophin 
causes Na and Cl retention accompanied by hypokalemia and hyperkaluria.” 
This is presumably due to a mineralo-corticoid action not complicated by renal 
damage. 

Various animal experiments suggest that LAP and ACTH can exert 
diametrically opposite effects (e.g., upon the thymico-lymphatic tissue, expeti- 
mental arthritis, anaphylactoid reactions) even if the dosage-levels are s0 
chosen as to result in the same degree of adrenal enlargement. Hence it was 
AP antagonizes certain function 
although it does not prevent its 

In all these respects LAP acts. 
H like the gluco-corticoid cof 


CoH. ca Na 
pituitary ex ‘ 
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of the hypophysis ACTH in itself causes no change in Na or Cl excretion in 


the rat,*? but the ‘levation of plasma-Na by DCA is inhibited by ACTH. 

In man ACTH elicits a biphasic response. A single injection of 10-25 m 
increases the renal elimination of Na, C] and K; after several days of a 
treatment, however. there is Na and C] retention, accompanied by hyperkaluria 
These latter findings show that — at least under certain circumstances bes 
corticotrophin can increase the production of adrenal hormones having some 
mineralo-corticoid actions.“* ACTP acts similarly.** However, most observers 
claim that the usual pattern of response in man is an initial Na and Cl reten- 
tion, followed by an increased excretion of these electrolytes.*#* Perhaps a single 
injection is immediately followed by the “recovery phase” (salt excretion), 
while in the event of prolonged treatment this ensues only after several days. 

The intense elimination of Na and Cl through the sweat. normally induced 


in man by exposure to humid heat, is inhibited by ACTH. This has been 
ascribed to the production of mineralo-corticoids by this corticotrophin 5 
since DCA exerts a similar action (cf. below). It should be kept in mind, 
however, that pure gluco-corticoids (e.g., cortisone, Kendall's “cpd. F’”’) also 
possess a certain degree of mineralo-corticoid potency. 

In connection with the regulation of NaCl metabolism during stress it is 
well to remember that in the process of concentrating the glomerular filtrate 
into urine, the reabsorption of water is controlled chiefly by the antidiuretic 
posterior-lobe principle, while the reabsorption of Na is facilitated by the 
mineralo-corticoids. Both these hormones probably exert their respective 
actions mainly through their influence upon the distal part of the proximal 
convoluted tubule, the “spiral segment’ > (Cf. G-A-S s Kidney). 

Adrenals. — Adrenalectomy, like Addison's disease, renders the Na and 
Cl balance negative and causes a decrease in the Na and Cl concentration 
of the plasma. All these changes are readily corrected by cortical extracts 
and various corticoids, not only by those with pure mineralo-corticoid prop- 
erties.“6 Adrenalectomy also decreases the erythrocyte-Cl/plasma-Cl ratio; 
a change similar to that observed in intact animals during the A-R.** This 
further emphasizes the close resemblance between the shock-phase of the 
A-R and the condition of suprarenal insufficiency. 

Using the excretion of Na or radio-Na as indicators, a large number of 
steroids have been found to possess mineralo-corticoid properties when tested 
in adrenalectomized rats. DCA proved to be most active among the com- 
pounds so far examined. 1 y sufficed to cause Na-retention.*™ 

Our experiments in the rat showed that the characteristic triphasic blood-Cl 
response to stress can develop even in the absence of the adrenals. Here, how- 
ever, the duration of the syndrome being greatly short oidi: 
the initial hypochloremia of the A-R gi only t 
@ pronounced terminal fall in 
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rats even forced exercise (which unlike most stresses normally causes h 
chloremia during the A-R) produced the same typical triphasi: reshan 
blood-Cl levels as any other systemic stress. In rats kept in a ria se in 
several hours a day, there was a pronounced initial hypochio; mia folly mil] 
by a return to normal levels within two days and then the blood-C] fell owed 
until death.*® Here, removal of the suprarenals apparently |, nmaskeq" "2 
characteristic G-A-S response to exercise. (Cf. graphs on p. | 25.) the 

The corticoid hormones, especially the mineralo-corticoids, tend to tifa 

Na and Cl metabolism in the intact organism. However, so, investigan® 
doubt that purely mineralo-corticoid compounds are produced by the nding 
Desoxycorticosterone has been isolated from suprarenal { - bus avis 
It is difficult to exclude the possibility of this having been irtefact which 
arose during purification.*' However, some "sodium factor’ has been prepared 
from the amorphous fraction of adrenal extracts, and this is even much mor 
potent than DCA in causing Na retention. It differs from the latter in *s 
solubility and in that it does not appear to affect K excretion.” Whether o, 


not such DCA-like pure mineralo-corticoids are normally secreted by the 
adrenal, it is certain that even the predominantly gluco-corticoid compounds 
such as cortisone (Kendall's cpd. E),®* corticosterone (Kendall's cpd, B)# 
or 17-hydroxy-corticosterone (Kendall's cpd. F),®° possess a considerable Na- 
retaining and K-excretion promoting action. 11-dehydrocorticosterone (Ken- 
dall’s cpd. A), another compound normally produced by the adrenal, appears 
to occupy an intermediate position in that its gluco- and mineralo-corticoid 
potencies are about equal, the latter perhaps predominating somewhat in man,” 
It appears most readily compatible with all pertinent data, to assume that 
the cortex produces DCA-like, “pure” mineralo-corticoids, but this has admit- 
tedly not yet been proven with certainty. For the sake of simplicity we shall 
meanwhile continue to speak of mineralo- and gluco-corticoids as naturally 
occurring compounds, until evidence against the in vivo production of the former 
is forthcoming. It will be kept in mind, however, that even if DCA-like material 
were not normally produced it could well be discharged during abnormal 
responses to stress. Furthermore, under pathologic conditions, even gluco- 
corticoids can cause lesions resembling those of DCA-overdosage, if their 
mineralo-corticoid effects are greatly exaggerated due to ‘conditioning 
factors”.°* Thus the theory holding that the hyalinoses are caused by 
“mineralo-corticoids’” would merely have to be reworded to read ‘‘mineralo- 
corticoid actions”. The importance of such conditioning factors is illustrated, 
for instance, by the fact that in Addisonians, cortisone causes Na and Cl 
fetention, while supplementary treatment with DCA elicits a “paradoxical 
“aH " of Na and Cl.S We shall cite other examples of such conditioning’ 
we 
It is now well established that, on an average NaCl intake, high doses of 
DCA diminish Na and Cl elimination through the urine and induce a highly 
positive NaCl balance.®® 
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Somewhat unexpectedly, DCA, which raises the low blood-Cl level of the 
adrenalectomized rat, causes a slight diminution of plasma-Cl, with an especially 


pronounced fall erythrocyte-Cl in intact animals (“conditioning” ?) 2% 
However, even afte: adrenalectomy, sufficiently prolonged and fatenatie treat- 
ment raises the originally subnormal blood-C] level towards normal only at 
first; later this i followed by hypochloremia, although the good general con- 
dition of the animals proves the adequacy of the corticoid substitution therapy. 
Hence, apparently both a deficiency and an excess of mineralo-corticoids is 
associated with hypochloremia,"™ The former because Cl is lost in the urine, 
the latter because Cl is displaced into the tissues, 

The plasma-Na level rises in rats given large doses of DCA,!°2 but this rise 
is not as marked and constant as the accompanying fall in blood-Cl.!* Since 
the blood-Cl, on the other hand, rather regularly falls during DCA overdosage, 
the plasma Na/C! ratio invariably declines.1° Cortisone tends to depress 
plasma-Na in m nl 

In the event of DCA overdosage, the storage of NaCl and fluid in the extra- 
cellular spaces of the tissues causes a pronounced edema tendency. In DCA- 


treated rats for instance, this manifested itself in a greater than normal local 
water accumulation following subcutaneous formaldehyde injections. With 
still larger doses, pronounced and diffuse edema ensues, even without local 
irritation, This has been noted both in experimental animals 1°? and in man, 
for example in Addisonians who receive the hormone for therapeutic reasons.) 
The production of edema, like that of most DCA-overdosage symptoms, is 
dependent upon “conditioning” by simultaneous NaCl administration.’ 

In fasted and thirsted rats the urinary Cl elimination is not significantly 
changed even by high doses of DCA; however, if NaCl solutions are given to 
drink, chloruria is increased and accelerated by DCA (‘conditioning’) 11 

On a very high NaCl intake DCA causes marked diuresis and increased Cl 
excretion in the rat (especially after hypophysectomy).!!! Perhaps this type 
of “conditioning” is due to the resulting renal damage which impedes NaCl and 
water reabsorption, thus raising the turnover of these metabolites. 

A similar “paradoxical” stimulation of NaCl excretion by DCA was noted 
in Cushing's disease." 

It is noteworthy that in intact rats overdosed with DCA and exhibiting 
marked hypochloremia, intravenous administration of saline caused the blood-Cl 
to rise even higher than in non-treated controls. Perhaps here the tissues were 
already so saturated with NaCl that additional saline “conditioned” the 
Organism to react paradoxically to DCA. Yet at the same time the tissue- and 
especially the brain-NaCl concentration also rose higher in DCA-pretreated, 
than in control NaCl-injected animals.4% This may have < j up the 
Production of brain lesions by DCA (G-A-S are 

On an essentially normal NaC 
in the liver- and muscle 
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to produce marked hypochloremia.'™ In dogs DCA tends to raise ‘ 
(and diminish the K) content of the musculature.4 Rabbits e€ 


The NaCl changes caused by DCA, as well as those eli 


ict s . a 
Stmilarly 115, 


ited by « 
also largely dependent upon the blood-proteins (colloid osmoti prensa are 
water metabolism. In an effort to explain the formation of edema jn Ne and 
failure, Peters 1” expressed the following view: “The development of satdiae 
albumin deficit causes a reduction of colloid osmotic pressure ; results ‘rum 
escape of fluid from the circulation; reduction of the circulating blog va the 
accelerates the reabsorption of sodium salts (presumably through the infly um 
of increased secretion of an adrenal-cortical hormone), 5 sulting ee 
accumulation of sodium salts in the serum; an increased concentration e 
sodium in the serum causes thirst and accelerates reabsorption of EN 
through increased secretion of posterior-pituitary antidiuretic hormone, = 


sulting in the retention of water, which, with the retained salt, produce 
edema.” : 
In view of its important effects upon NaCl metabolism, it is not unexpected 
that DCA also influences the NaCl-metabolism changes produced by stress 
In rats in which a compensatory atrophy of the adrenal cortex had been 
produced by chronic pretreatment with DCA, the blood-Cl decreases, after 
exposure to various stressors (cold, formaldehyde, atropine, trauma, exercise) 
to much lower levels than in not pretreated controls. Since the DCA pretreated 
animals had a lower initial blood-Cl concentration, this hypochloremia was per- 
haps merely added to that induced by the alarming stimuli. It is noteworthy, 
however, that even forced muscular exercise, which normally causes hyper- 
chloremia, induced a fall in blood-Cl in DCA-pretreated animals. Such a 
reversal of the chloremic action of exercise had also been noted after adren- 
alectomy (see above), hence the compensatory adrenal atrophy produced by 
DCA appears to result in a functional adrenal insufficiency.1"7 
In rats damaged by formaldehyde injections or by intestinal trauma, cortical 
extracts prevented the development of the typical hypochloremia, but DCA 
was ineffective.'!* The hypochloremia normally elicited by partial hepatectomy 
in the rat is likewise readily prevented by cortical extracts.!!9 Since such pre- 
parations are rather poor, while DCA is very rich, in mineralo-corticoid activity, 
the above observations suggested that the strict separation of mineralo-cortic- 
oids from other cortical hormones is not entirely justified. In the presence of 
a very acute, actual (adrenalectomy) or relative (A-R) adrenal insufficiency. 
the rapidly acting, highly soluble gluco-corticoids in the extracts may be more 
pe rig in preventing fatal hypochloremia than the mineralo-corticoids them- 
es. 
In men exposed to extreme heat, the usual loss of NaCl through the perspita 
tion is allegedly diminished, both by DCA ° and by cortical extracts;'”" hence, 
in addition to NaCl ingestion, corticoid treatment has been recommended to 
combat the effects of a hot environment. Furthermore, “under standat 
conditions of testing, the electrolyte composition of thermal sweat affords 4 
constant index of adrenal production of DCA-lik ; COS ce 
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, vale ave been used to 
and to prevent excessive fluid loss by diminishing 


ility. Under such conditions, large doses of extract were often 


In the treatment of shock from burns, cortical extracts h 
increase the plasm 
capillary pern 


found to cause considerable Cl retention and hyperchloremia.!** Usually, 
adrenocortical! ‘acts likewise reduce or prevent the fall in plasma-Na which 
normally occt n patients receiving fever therapy.122* 

Allegedly cortical extracts can also increase the rate of Na and Cl excretion 


during the A-! 
here the NaC! |. 
extracellular fit 


f the latter is accompanied by marked edema. Presumably, 
ss is merely a secondary consequence of the reduction of 


All these observations confirm that under certain circumstances cortical 
extracts can exert marked effects upon mineral metabolism, although they are 
poor in DCA-like (predominantly mineralo-corticoid) compounds. 

Kidney. — Little is known about the effect of renal hormones upon the 


blood-Cl beyond the fact that, in the rat, the “endocrine kidney” tends to 
cause hypochloremic alkalosis, similar to that elicited by DCA.!*4 


Other Factors. — Though not strictly pertinent to the problem under 
consideration, it is interesting that progesterone, which is not endowed 
with any specific NaCl-retaining properties, likewise causes diuresis in animals. 
Rats receiving distilled water to drink show equally pronounced diuresis follow- 
ing progesterone and DCA treatment. Urinary-Cl elimination in fasted and 
thirsted rats is increased by progesterone; yet this hormone induces no change 
in the elimination of orally administered NaCl and thus characteristically differs 
from DCA.1*5 

Testosterone tends to decrease, while folliculoids increase the blood-Cl 
concentration,'!** but the changes are slight and the participation of these 
hormones in stress reactions is hardly important. 

Thyroidectomy increases the hypochloremic effect of various stressors 
during the A-R (formaldehyde, cold). It is noteworthy that here again — as 
after hypophysectomy, adrenalectomy or DCA-overdosage — the normal 
hyperchloremic effect of muscular exercise is reversed. Consequently in the 
hypothyroid animal even muscular work elicits the usual hypochloremia char- 
acteristic of the A-R.177 ~ 

The study of factors influencing NaCl metabolism during the G-A-S 
would obviously deserve much more attention. The effects of exogenous Na, 
Cl, K, water and other osmotically active substances, variations in blood pH, 
etc., are of particular interest. Several investigators demonstrated the efficacy 
of NaCl administration in combatting shock (cf. p. | : ‘that 
under its influence, the post-traumatic hyp : Me 
legedly the maintenance of h 
intakes, is regulated 
The relationship of 
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Significantly great excesses of exogenous NaCl are poorly tolerated sana 
lead to dangerous water and salt retention during the postoperative wie 
in man.!25* od 

Potassium 

The metabolism of potassium is closely related to that of Na and C]. fined 
reference has already been made to it in the preceding chapter. Let ys ie 
emphasize, however, that K is the chief cation in the intracellular fluid. Re 
only little of it is present in the intercellular spaces, the plasma and the ta : 
Plants which possess no extensive intercellular fluid system contain much Be l 
K than the tissues of vertebrates. a 

The absorption of K from the diet occurs almost exclusively in the small 


intestine, while the excess is eliminated through the kidneys. 


Systemic Stress 


Hyperkalemia and hyperkaluria are characteristic A~R changes,129 presum- 
ably occasioned by the liberation of much K from disintegrating cell-bodies 
at the time of the catabolic impulse. This response is very constant, indeed it 
has been said '° that “in all the conditions given by Selye as suitable to produce 
an alarm-reaction there is a rise in the concentration of potassium in the serum” 
In the stage of resistance blood- and urine-potassium values return to normal,!3! 
but data concerning K metabolism in the stage of exhaustion are not yet 
sufficiently conclusive to permit any generalization. 

Studies on tissue slices (salivary glands, liver, etc.) led to the conclusion 
that K is neither discharged nor absorbed by resting cells, but “stimulation” 
and various “damaging influences” cause this cation to be discharged from the 
protoplasm “independently of the agent which caused the stimulation or 
damage”’.18# 

Following traumatic injuries, the characteristic discharge of K into the 
plasma, with subsequent elimination through the urine, has repeatedly been 
observed. The resulting post-traumatic urinary-K loss runs approximately 
parallel with the N loss during the catabolic impulse.’ There is a corres- 
ponding K loss from the tissues.1#4 

It has been emphasized that these changes in K metabolism are accompanied 
by typical signs of the A-R and that they are most reminiscent of the hypet- 
kalemia of adrenal insufficiency." However, in very acute and severe post- 
traumatic alarm-reactions, as in the fulminating type of adrenal insufficiency, 
the hyperkalemia is accompanied by a decreased urinary excretion of K. It has 


been assumed that defective filtration of K through the glomeruli, due to 


re } renal circulation, may further increase the plasma-K level in both 


these conditions," 
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Apparently damage during the shock-phase causes discharge of this element 
from disintegrating cells, hyperkalemia and hyperkaluria, but K elimination is 
insufficient fo he plasma of the excess and — in the event of renal damage 
— there may « > hypokaluria. During countershock, as a result of defensive 
corticoid secre (see below) K returns from the plasma into the cells, but 


simultaneously much Of it is lost through the urine that dangerous K 
deficiency may >, unless much K is ingested. 

Recent inv ‘tions show that the syndrome of post-operative alkalosis 
with K deficiency is accompanied by electrocardiographic changes characteristic 
of a lack in K and that both these cardiac manifestations and other clinical 
signs of the syndrome improve upon intravenous administration of KCl. Fur- 
thermore ACTH can produce a similar alkalosis and K deficiency in man. 
“These results suggest that the pathogenesis of this syndrome in post-operative 


patients is due to the alarm-reaction producing hyperfunction of the adrenal 
cortex, with loss of potassium and chloride (or retention of sodium) in the 
urine associated with a low intake of potassium’.'*7 The hypokalemia, elicited 


by DCA in the rat, is not inhibited by ACTH.1* 


Essentially similar derangements in K metabolism have been observed 
both in animals and in man after a variety of systemic stresses, for instance, 
after hemorrhage,'®** burns,!** x-irradiation,’’ exposure to cold,'*’ nervous 
and emotional stress,’** forced muscular exercise,’** anoxia,’** acute infections, 
e.g., toxic diphtheria,’ malaria,"° or experimental pneumococcus-infection,"™’ 
intoxication with vesicants,’*% starvation,*® intestinal obstruction’ and 
gravity shock.'"! 


It is interesting that under the influence of acute stress (e.g., forced muscular 
exercise) the K liberated from the muscles is temporarily taken up by the liver, 
while during recovery, much of it returns to the muscles. Thus a “potassium 
cycle” develops, comparable to the well-known “carbohydrate cycle” which 
occurs under similar conditions. Perhaps here K is transported into the liver 
as the lactate.1®* 


Stimuli Influencing Potassium Metabolism During the G-A-S 


Hypophysectomy causes no pronounced and consistent change in serum, 
tissue, or urine-K concentration. This may be an indication of some remain- 
ing adreno-cortical function after ablation of the anterior-lobe.'"* 
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ACTH produces hypokalemia and severe losses of K th, h the 
as shown by observations in man ™‘ and in the rat.1°° Urine 
Adrenalectomy increases the K-concentration in the serun as well 
in brain and muscle.1*? These changes are readily correct; ot onl a 
mineralo-corticoids, but also by simple cortical extracts.155 yb 
In commenting upon the similarity of the A-R and the « ion of 
adrenal insufficiency, it has been emphasized that if rats are pri usly es 
to high-K diets they tolerate elevated blood-K levels even «| subse re 
adrenalectomy. Since we had envisaged the possibility that metaholie. 
may play a réle in the pathogenesis of the A-R, it was suggesicd “'t at one 7 
sium should be included as at least one of the toxic metabolit. ostulated ri 
Selye’’.159 x 
Adrenaline (or intense sympathetic stimulation) discharges K from th 
liver, simultaneously with glycogen; insulin has opposite effects The adternt. 
ine discharge, which occurs during the A-R, may therefore add to the hyper- 


kalemia typical of this stage. 
The mineralo-corticoids appear to be most specifically concerned with 
K metabolism. Their leading representative, DCA, causes marked K-excretion 
in the urine and depresses the K concentration in the blood ™! and muscle,182 
The resulting hypokalemia may be so severe that the excitability of the 
musculature is diminished and a syndrome ensues which simulates familial 
periodic paralysis. The decrease in muscle-K occasioned by muscular 
exercise (swimming) is further augmented by DCA."** Allegedly the drop in 
plasma-K caused by DCA is merely due to a K-shift from plasma to erythro- 
cytes, but this requires confirmation. Yet there are other data which also 
support the view that DCA does not influence K-metabolism solely by regul- 
ating its elimination through the kidney; the hormone apparently also affects 
K-distribution between cells and the surrounding intercellular spaces.%™ 
Certain gluco-corticoids, e.g. 17-hydroxy-corticosterone (cpd. F), likewise 
cause marked hyperkaluria. It was concluded that this compound reproduces 
the changes caused by ACTH. “So there is no reason to postulate that a 
separate Doca- (DCA) like substance is secreted when the adrenals are 
stimulated by ACTH. If carbohydrate-active steroids are liberated in the 
alarm-reaction, then the K deficiency may not simply be due to diminished 
intake. A high K intake would, however, help restore K"’.18° Cortisone also 
increases K elimination 1®* in man, and this tends to be associated with a 
hypokalemic, hypochloremic alkalosis,167 very similar to that caused by 
DCA in the rat (cf. above). 
; In summary, it may be said that corticoids tend to counteract those changes 
in K metabolism which we consider to be characteristic of the shock-phase. 
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The kidney ni turally Plays an important réle in the regulation of K 
metabolism « the G-A-S, since it is the only important route of K elimin- 
ation. Cons ntly, in nephrectomized animals the blood-K concentration 
rapidly rises traordinarily high: levels. Curiously, even this rise is some- 
what delay« DCA."*8 Thus it appears that the mineralo-corticoids do not 
affect K metabolism exclusively through their influence upon the renal excretion 
of this elemer 
The kidney does not appear to produce any hormones which influence the 
blood-K concentration. Even if fatal nephrosclerosis, hypertension and 
hyalinosis is | uced in rats by the “endocrine-kidney” technique, the kalemia 
remains norn Hence it was concluded that, if hypertension and hyalinosis 
are really produced by DCA through its effect upon the kidney, the hypo- 
kalemic action of this corticoid is probably of no great importance in their 


pathogenesis." 

Dietary potassium complements have been recommended for the treatment 
of intestinal obstruction,""* traumatic shock 1» and of various diseases (e.g., 
infantile diarrhea, diabetic acidosis, chronic malnutrition, cardiac decompensa- 
tion) which can cause severe losses of this element, at least partly through 
their non-specific stress effect, perhaps by way of excess mineralo-corticoid 
production.'**° 


Calcium and Phosphorus 


Calcium and phosphates are absorbed chiefly in the upper part of the small 
intestine. Large amounts of calcium, magnesium or fatty acids tend to inhibit 
phosphate absorption, presumably due to the formation of insoluble salts and 
soaps respectively. A marked decrease in the normal alkaline reaction of the 
upper intestine improves phosphate and calcium absorption. 

Calcium and inorganic phosphates are excreted by the kidneys, the liver 
and the large intestine, but the participation of the liver in phosphate excretion 
is negligible. The renal threshold for calcium lies between 6.5-8.5 mg., that 
for phosphorus between 2-3 mg./100 cc. of plasma. Below these blood levels 
the renal excretion of calcium and phosphate is insignificant. 

The skeleton contains the most important stores of calcium and inorganic 
phosphate. When needed these elements are readily mobilized from the bones, 
for instance, by parathyroid hormone. The soft tissues contain comparatively 
little calcium and inorganic phosphate but they are rich in organic phosphorus. 

Phosphatases (see p. 252) play an important réle in liberating phosphates 
from organic phosphorus compounds (e.g., for discharge into the plasma 
or urine); they also participate in the introduction of phosphate into organic 
molecules (e.g., synthesis of nucleoproteins, lecithin) a ee 

The changes in blood-phosphate co: . 
G-A-S are an immediate in 
or below, normal lev 
second period of h 
changes have 
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uria is a good indication of the general tissue catabolism charact istic OF the 
stages of alarm and exhaustion, because during the hyperphosp temic perigg 
of the G-A-S, the urinary elimination of phosphates is lik increaseg 
unless the systemic damage is so severe that it seriously interferes with saat 
function. During these catabolic periods the urinary phosphates come pagile 
from the degradation of organic phosphorus compounds (e.g,, 1 leoproteing 
phosphoric esters of carbohydrates, phosphocreatine, phospholipids) and ane 
from the inorganic phosphorus stores of the skeleton. Under th nfluence K/ 
systemic stress, both calcium and phosphate are discharged from bones main} 
as a result of the dissolution of the organic matrix during the catabolic petiods 
of the alarm and exhaustion stages.’ Hence — unlike the urinary phosphate 


derived from soft tissues — that discharged from bones is accompanied by 


much calcium, because in the skeleton, phosphate is held in combination with 
calcium. 

After traumatic injuries a large increase in the phosphate content of the 
plasma has repeatedly been observed, both in animals and in man.'7* hig 


increase in plasma inorganic phosphorus is directly proportional to the increase 
in the organic phosphorus content of the erythrocytes.1** The hyperphosphate- 
mia of the A-R is not accompanied by any significant or constant change in 
blood-calcium,'™* but this is perhaps largely due to the fact that plasma calcium 
is relatively insoluble in the presence of large amounts of phosphate. In any 
event, following trauma, the great increase in the urinary elimination of inor- 
ganic phosphates is accompanied by a rise in the calcium content of the urine 
This is understandable since osteoporosis ensues during the catabolic phase 
of the A-R (see below), and much of the eliminated phosphate must be derived 
from bone. Indeed Albright }** states that “‘what in the past we have called 
atrophy of disuse of bone (osteoporosis) after a damaging event, may be. in 
part, a manifestation of the alarm reaction, and not entirely due to the loss 
of stresses and strain through immobilization...” 

Hemorrhage likewise raises the plasma inorganic phosphate content. 
Here again a direct proportionality was observed between the plasma inorganic 
phosphorus, the organic phosphorus of the red-cells and the concomitant fall 
in the blood pH; ** as judged by observations on the dog, this rise in blood- 
phosphate is accompanied by a rise in the blood-calcium.1*? 

During intense muscular work the inorganic P of the blood varies in inverse 
proportion to the blood-sugar, presumably because it is utilized for the formation 
of hexosephosphate in the course of the intense carbohydrate metabolism which 
accompanies exercise.'5! 


Several other stressors cause hyperphosphatemia, for instance, injection 
of toxic defibrinated blood,'** gravity shock in the rabbit !*’ or electrically 
induced seizures in the rat.15¢ 
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Additiona! o avons concerning decalcification of the skeleton under 
the influence tress will be reported later (cf. chapter: Bones). Suffice it 
to point out that administration of calcium, particularly in combination 
with calcifer laimed to help the anabolism of bone minerals, especially 
in the so-cal] ‘famine osteopathy’’.!55 Normally, chronic starvation decreases 
the calcium t of the skeleton and tends to cause some degree of hypo- 
calcemia in m 

Even large « (12 mg/day) of ACTH caused no significant change in 
the phospho: retion of the rat in one experiment,'*® but in another small 
amounts (3 y) elicited a definite phosphaturia.8? Certain impure cor- 
ticotrophin ; tions increase the phosphate and decrease the Ca content 
of the plasma. In rats, this humoral change stimulates parathyroid growth and 
it was held responsible for the parathyroid hyperplasia often occurring in 
Cushing's disease.'** In man, ACTH tends to increase the urinary elimination 
of Ca and P presumably due to the osteoporotic action of gluco-corticoids, 
so manifest in Cushing's disease. Much of this Ca is also lost through the 
feces.185" 


Adrenocortical extracts likewise cause hypocalcemia and hyperphos- 
phatemia in the rat.'* 

In man cortisone tends to decrease phosphate elimination, at least at the 
time when the blood-sugar rises, but long-continued treatment with this 
hormone renders the phosphate and calcium balances negative.'* 


Sulfur 


The dietary sulfur is derived partly from inorganic salts and partly from 
organic compounds, especially the amino-acids cystine and methionine. It enters 
into the molecules of many biologically important substances, e.g., thiamine, 
glutathione, anterior-lobe hormones, insulin and the above-mentioned sulfur 
containing amino-acids. 

Both the organic and inorganic sulfur compounds are absorbed chiefly in 
the small intestine. Upon reaching the liver the major part of the organic 
sulfur is oxidized to the inorganic form, although some organic compounds, 
especially the sulfur-containing amino-acids, tend to escape oxidation. 

In the serum, S is found as inorganic sulfate (0.5-1.0 mg %) ethereal sulfate 
(0.1-1.0 mg %) and neutral S (2.0-3.5 mg %). A marked increase in serum 
inorganic sulfate occurs in renal disease (glomerular nephritis), intestinal 
obstruction and leukemia. 

Sulfur is excreted in the urine in all three forms in which it exists in the 
blood. Most of the urinary S is in the form of inorganic sulfate (about 909%); 
some as ethereal sulfate (10%), e.g., indoxyl, indican, and a trace as neutral S, 
€.g., cystine, urochrome, taurine, thiocyanate, thi é i Dar- 
ticipates in the detoxification of cert as mo} = 
benzene, which upon conjugation wit 
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mercapturic acid. Phenol derivatives such as indol, which are formed jn ee 
intestine through bacterial action, are also excreted after combination with 


sulfates.1*! 
Little is known about the changes in sulfur metabolism characteristic a 


non-specific systemic stress. It is a well established fact, however. that together 
with the increased elimination of nitrogen, phosphate and other protein split- 
products during the catabolic phase of the A-R, the urinary elimination of 
inorganic sulfate also rises, for instance, in fever *” and after bon. ‘ractures.13 

Experiments in rabbits indicate that the increase in general tance seen 
after the production of a sterile abscess may be due to the liberation of detox. 
fying sulfur compounds from protein. It was found that the amount of mercap. 
turic-acid-S excreted by the rabbit following oral administration of monobrom. 
benzene is raised in the presence of a sterile abscess. Sulfur partitions showed 
that the abscess increases neutral sulfur elimination through the urine and it 
was concluded that “this neutral sulfur may be utilized by the animal in 


forming mercapturic acid. These data indicate that a specific metabolic reaction 
can utilize the tissue breakdown products resulting from the formation of a 
sterile abscess”, a fact which was considered of significance in interpreting the 
protective action of such abscesses.'** (Cf. Glutathione). 

In man ACTH increases the urinary elimination of inorganic and organic 
(mainly methionine and cystine) S.1°” 


Iron 


Up to now no systematic studies of iron metabolism have been made during 
the G-A-S, although scattered pertinent observations suggest that they would 
be most rewarding. (Cf. also Hemoglobin and its derivatives, p. 259.) 

The claim that muscular exercise decreases the iron content of the serum 
has not been confirmed.!** However, various types of non-specific damage 
tend to decrease the plasma-iron concentration in man. This was shown 
to be the case especially in tuberculosis 1 as well as in other infections and 
in carcinomatosis.'"" 

From a series of studies on the pathogenesis of the “anemia of infection” 
it was concluded that here a concomitant disturbance in the intermediate 
metabolism of iron is of pathogenic importance. In dogs, under the influence 
of staphylococcus or turpentine injections, the plasma iron concentration falls 
to progressively low levels." Here the absorption of administered iron was 
apparently adequate but the metal was rapidly removed from the plasma. 
Experiments with radio-iron in pigs showed that during various types of 
inflammations and infections, anemia does not appear at once but only when the 
outworn red corpuscles must be replaced. In spite of the pronounced iron 
avidity of the tissues, the utilization of this element for hemoglobin synthesis 
is impaired in the presence of turpentine or staphylococcus abscesses, as well as 
after burns. Apparently, under the influence of inflammations and other con- 
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ditions causir tbolism (e.g., neoplasms, malnutrition) injected iron is 
rapidly divert: om the plasma.!8 Intravenous iron-tolerance tests in patients 
suffering fror ute and subacute infections likewise showed a coe rapid 
disappearance he metal from the blood due to its fixation in the tissues.” 
Some investigat iscribe this unusually rapid disposal of exogenous iron to 
an increased ty of the reticulo-endothelial system in which its increased 
deposition duri -ctions is directly demonstrable; 20° others believe that iron 
is attracted by inflamed tissues themselves.2 Analyses of the spleen and 
liver from hum ucopsy specimens in chronic disease revealed large accumul- 
ations of iron in these organs, the amounts deposited being out of proportion 
with the degree of anemia. : 

Recent studi: ith radio-iron demonstrated the deposition of this metal in 
the liver and spleen of rats and dogs with acute inflammations, but no signi- 
ficant quantity of iron was diverted into the inflamed area itself. Apparently 
“the major diversion of plasma iron in infection is to the ordinary storage 


tissues, mainly the liver”. The degree of this diversion is related to the hypo- 
ferremia.*° However, other experiments on dogs revealed no acceleration of 
the disappearance of radio-iron from the plasma following turpentine abscess 
formation.*°* Perhaps here again the response depends upon the “conditioning” 
effect of intermediate metabolism. 

Interesting correlations appear to exist between iron and ascorbic acid 
metabolism. During the hypoferremia of infection, ascorbic acid administration 
tends to raise the serum iron concentration, while in true iron deficiency it 
exerts an opposite effect.?” 

Fasting tends to raise the plasma iron in man. As judged by observations 
on the rabbit this may be at the expense of the hepatic iron stores.?"° 

As shown by experiments on adrenalectomized and cortical extract treated 
rats, the suprarenal does not affect the normal plasma-iron level, nor the 
hypoferremia produced by turpentine injection. It may, however, be essential 
for rapid recovery from such hypoferremia.*°* 


Other Ions 


Copper tends to accumulate in the spleen and liver of man under the 
influence of various chronic diseases and this is usually accompanied by 
anemia.*°* The exact relationship between such changes and resistance to 
systemic stress has not yet been studied, but interestingly, the hypoferremia 
of infection is often accompanied by hypercupremia.?°* 

Several workers have reported increases in plasma magnesium 
traumatic shock and burns.2° It is also well known that the na 

increases in renal failure, but apparently only if the kidn 
of long standing.2!° de 
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In patients who suffer from severe inanition the total plasn “magnesium jg 
often low and the Mg-balance becomes negative. The ultrafil rabl lasma-Mg 
on the other hand, rises above normal; presumably in preparation for resial 
elimination.*!* 


ACTH increases the urinary elimination of Mg. in man.” 


DCA reduces the plasma magnesium level in the rat; dly this ig 
inhibited by ACTH.7!” 
Acid-Base Balance 
It is obviously not within the scope of this monograph to discuss the numerous 
factors which influence the acid-base balance of the organism. Na, K, Ca and 


Mg among the cations; Cl, protein, H1COs, HPO, and SO, among the anions 
are {in this order) most important as regulators of the actual and potentia| 
pH in body fluids and tissues. 

The actual pH or “hydrogen ion concentration” cannot deviate much from 
neutrality without causing death. On the other hand the potential pH, that is 
the buffering ability of the body fluids, is subject to great fluctuations. These 
are not particularly injurious in themselves, but they exhaust the neutralizing 
reserve and hence reduce the possibility of adjustment to any stimulus, tending 
further to displace the pH in the same direction. Blood-COz is readily elimin- 
ated through the lungs by respiration hence the plasma-bicarbonate represents 
a supply of neutralized base which is immediately available for the neutraliz- 
ation of any excess acid; we therefore refer to it as the “alkali reserve’’.2" 

It is customary to distinguish between “respiratory” and ‘metabolic’ acidosis 
or alkalosis respectively. The former is primarily due to anomalies in the CO, 
(more properly H,CO;) content of the body fluids; the latter to disturbances 
in the “fixed ion” content, which changes the alkali reserve. It must be kept 
in mind, however, that the terms metabolic alkalosis or acidosis are not quite 
correct since the underlying change does not necessarily result from primary 
metabolic derangements (e.g., ketosis), but sometimes from impairment of the 
regulatory organs, for instance, the kidney.?}* 

All those ions which play an important réle in the regulation of the acid-base 
balance are primarily under renal control, except for CO, and protein; hence 
interference with kidney function — so commonly occasioned by systemic 
— — can seriously derange the ability of the body to maintain its normal 
pH. 

The gastric mucosa secretes a very large amount of HC! but since most of 
this is re-absorbed after neutralization in the small intestine, alkalosis does not 
ee except in case of pyloric obstruction and persistent vomiting. Intense 
ec hen wid ae no ovenen under considerable strain because 

b= 2 ee amd ‘ of electrolytes and water through the intestine. : 

ccumulation in the extracellular fluid of organic acids (lacti¢, 
pyruvic, acetoacetic, hydroxybutyric) has already been mentioned as chat- 
acteristic of severe systemic stress. It occurs especially during the in 


2108Mellinghofl B46544/48, he 
pon po B46543/48, 


Nidlieghel aa? ven Le 
10bKinsell et al. B46058/30 4 


21% Woodbury et al. B46344/50, 


bie - rare ae eh! | 


itial {2B} 


SYSTEMIC STRESS 
and final (exhat 
of organic acid 
currently, tis 
the alkali reser 


tion) catabolic phases of the G-A-S. when large quantities 
e formed as degradation products of proteins and fat. Con- 
inoxia tends to develop at times of extreme stress. Hence, 
nnot be utilized readily for the neutralization of accumulated 


organic acic ise the displacement of CO, by the latter is impeded, 

During systen tress the depletion of the carbohydrate reserves further 
3 } Li¢i 7) : re! 

aggravates tl ndition, since complete oxidation of organic acids and fat 


upon simultaneous carbohydrate combustion. 


acid-base balance which are strictly characteristic of the 
ed comparatively little attention. It is a well established 
fact, however t during the A-R stage many systemic stressors cause an 
acidosis, which is usually compensated; it manifests itself mainly by a reduction 
of the alkali reserve. Subsequently, during the counter-shock phase and the 
onset of the stage of resistance, overcompensation with an “alkaline wave" 
tends to ensue.*** No systematic studies have been carried through to the 
stage of exhaustion, but scattered data — gathered from the literature on the 
humoral effects of chronic infections, intoxications, etc. — suggest that during 
the terminal phase of the G-A-S, a second period of acidosis ensues. Pre- 
mortal renal failure, tissue anoxia and ketosis presumably play an important 
role during this late stage. 

After traumatic injuries there is a fall in the alkali reserve, and sometimes 
even in the actual pH of the plasma.*4* This is so constant that it was con- 
sidered to be a characteristic manifestation of the ‘‘post-operative disease”’.*!® 
The initial acidosis is usually compensated within 24 hours after the operation 
and is sometimes followed by an alkaline wave during the subsequent days.?'® 
This secondary post-operative alkalosis is often associated with hypokalemia 
and since similar changes have also been produced with ACTH, the syndrome 
has been ascribed to increased ACTH production as a result of the ensuing 
A-R2!7 Allegedly continuous infusion of sodium bicarbonate prevents the 
development of irreversible traumatic shock in dogs,*!* hence this response is 
presumably useful. 

An essentially similar transitory acidosis has been observed both in animals 
and in man following exposure to a variety of systemic stressors such as hemor- 
rhage,?® burns,2*° x-irradiation," ultra-violet-irradiation,2** heat-stroke,**9 
forced muscular exercise,2%4 anoxia, electro-shock,?** “gravity shock”,?** 
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“medical shock”,22° acute infections,”** as well as after treatment with various 
drugs, tissue extracts and especially anesthetics,” s 

It is noteworthy that in many of these observations, during cute sta 

of exposure, there was an actual fall in the pH in addition t > decline a 
the alkali reserve, while later a characteristic compensatory line wave 
ensued. Indeed, upon continued exposure, for instance, to \-\rradiation i 
condition of uncompensated alkali excess has allegedly been o ved in the 
rabbit. As an illustration of the applicability of the G-A-S concept to this 
type of study, let us point out that in this latter experimental series sodium 
bicarbonate was injected into the peritoneal cavity of rabbits and since this 
was followed by systemic effects similar to those produced by irradiation 
it was concluded that alkalosis may play a specific réle in the mechanism of 
x-ray sickness.**! In view of what we have learned since about the non- 


specificity of the G-A-S, such an interpretation appears highly improbable, 
because similar responses can also be produced with acids or any other toxic 
agents. 

Acapnia (CO,-depletion of the blood) is also a frequent accompaniment of 
acute systemic stress. It occurs, for instance, after traumatic injuries or jn 
nervous shock *** and allegedly often plays an important réle in the genesis 
of the shock-syndrome. Acapnia appears to be largely the result of hyper- 
ventilation; while it may in itself be a stressor, it cannot be regarded as an 
indispensable prerequisite for the development of the G-A-S. Since pronounced 
acapnia is associated with alkalosis, it may participate in the production of the 
alkaline wave of the late counter-shock phase. 

The factors regulating the acid-base balance during the G-A-S have 
received so little attention up to now that it would not be profitable to discuss 
them in detail. Let us merely point out that, a large single dose of ACTH 
caused no significant change in plasma-pH or CO, in man.*** On the other 
hand, both severe DCA overdosage **4 and the “endocrine kidney” *°° induce 
severe hypochloremic alkalosis in the rat. 


Water Balance 


In reviewing the G-A-S changes in water balance, it is well to recall first 
some of the pertinent fundamental facts. 


Water is absorbed mainly from the small intestine. 


| Normally the water content of the body corresponds to about 70% of the 
total weight. It is kept in three distinct compartments: (1) the plasma (5% of 
| body weight) which is rich in protein and Na, (2) the interstitial fluid (15% 
body weight) which contains only traces of protein but as much Na as the 
, plasma, (3) the intracellular fluid (50% body weight) which is rich in protein 


but practically free of Na. These differences in the distribution of protein 
and Na are of the greatest importance in the regulation of water metabolism. 
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The walls of the capillaries and cells act as semipermeable membranes, 
which do not it the free passage of the large protein molecules from 
either plasma Ils into the interstitial fluid. The smaller Na molecules 
migrate freely capillary walls from plasma into interstitial fluid and 
vice versa — previously stated — they cannot pass readily across cell 
membranes. 11 the cell K almost completely replaces Na. 

Since Na, the chief basic ion in the extracellular fluid cannot readily enter 
the cell, both ¢! lotic pressure and the pH of the extracellular fluid depend 
almost entirely his cation. The COs-content of tissues is easily adjusted 
through respiration, hence variations in the “fixed" anions (e.g., Cl) of the 
fluids, rarely cau pH disturbances, which could not be counteracted by 
changes in the alkali reserve. This further emphasizes the importance of Na in 
regulating the body pH. It should also be kept in mind that there is a close 
correlation between pH and water balance. Acidosis tends to cause dehydration 


due to diuresis and transfer of water from plasma to cells with swelling of 
the latter, while alkalosis exerts opposite effects. 


To maintain blood homeostasis during stress, the organism uses its inter- 
cellular fluid reservoir as a buffer system. When excess amounts of water are 
introduced into the circulation (by ingestion or intravenous infusion) this is 
rapidly deposited in the intercellular spaces. From here it is gradually taken 
up for renal elimination. Since diffusion into the intercellular spaces occurs 
much more rapidly than renal elimination, the former is a more effective means 
of maintaining the constancy of plasma volume and concentration in the event 
of sudden flooding with water. Conversely, when much plasma or plasma- 
water is lost, the body draws upon its intercellular tissue-fluid reserves to 
re-establish the normalcy of plasma structure. 


Most of the water is excreted through the kidney, although under certain 
conditions, an equivalent or even greater amount may be eliminated through 
the skin (perspiration) and lung (respiration). Almost all the water secreted 
into the intestinal lumen (pancreatic bile, intestinal secretion, etc.) is normally 
reabsorbed, but large amounts of fluid may be lost through the intestinal tract 
in the case of profuse diarrhea or vomiting. About 180 liters — an amount 
of water corresponding to almost three times the average body weight — is 
filtered through the glomeruli during 24 hours, but approximately 999% of this 
is reabsorbed; hence the daily urine volume usually varies between 1.5 and 2 
liters. This is about 1/7 of the total extracellular fluid of the body (14 liters). 
A nearly equal degree of concentration occurs in the tubules as regards the 
Na and Cl content of the filtrate, while K, HPO, and SO, are less intensely 
teabsorbed (93, 83, 74% respectively). , Pre 
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The greatest attention has been devoted to changes in bl] i-volume a 

concentration. In rats in which a typical G-A-S was elicit y vail 
stressors (formaldehyde injections, exposure to cold, excessive n usculap ota 
cise) it was observed that during the stage of alarm the blood-volume decrea - 
while the hematocrit and hemoglobin values increase as a re f edigene 
centration; all these changes are reversed within 2-24 hours a{ disesuiaee 
tion of exposure. During the stage of resistance there was blood da 
with an increase in total blood-volume, even if exposure to stress had ee ut 
continued, while in the stage of exhaustion, a second period of h moconcentra, 


tion and oligemia was usually observed.?** 

Our earliest studies on the A-R had clearly shown that during the shock 
phase there is edema due to loss of water into the intercellular spaces, even at 
a distance from the site of direct injury. The formation of edema in the 
thymus, pancreas and stomach, as well as the transudation of fluid into the 
pleural and peritoneal cavities, was usually very pronounced in rats exposed to 
a variety of systemic stressors (e.g., formaldehyde, cold, muscular exercise 
spinal shock). Here it is obviously impossible to ascribe the edema to increased 
permeability of the capillary walls caused by direct damage. It is noteworthy 
however, that edema is particularly frequent in the organs (thymus, pancreas, 
stomach) which are undergoing acute, degenerative processes during fhe 
A-R.*** Jt may be postulated therefore that tissues, at a distance from the 
primary injury, become predisposed to edema formation due to capillary 
damage in areas which are selectively injured by the A-R itself (e.g., acute 
thymus involution, pancreas involution, gastric ulcers). 

It has also been emphasized that during the stages of alarm and exhaustion, 
urine output is diminished, while in the stage of resistance, it is usually at or 
above normal levels.**8 Significantly, “in the alarm-reaction (especially after 
such damaging agents as muscular exercise and cold) retention of water may 
occur without clinical evidence of shock’’.23° 

If immediately following exposure to a first alarming stimulus (during the 
counter-shock phase) a rat is again exposed to either the same or any other 
mild stressor, this second exposure fails to cause water retention and may 
actually increase diuresis.2#° This observation was interpreted as showing 
that two typical alarm-reactions cannot be elicited in rapid succession and that 
some ‘crossed resistance” is manifested in the period immediately following 
the first exposure.?#! 

During traumatic shock hemoconcentration is usually very pronounced 
and accompanied by a decrease in total blood-volume.?42 In the pertinent 
investigations the hemoconcentration and oligemia were demonstrated with a 
variety of techniques including: hematocrit, hemoglobin, plasma water, plasma 
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asma volume determinations by the dye and other methods. 


t unanimously agreed that oligemia is an important mani- 
shock phase of the Systemic response to trauma. It is 


rotein and tot 


Hence, it is a 
festation duri 


still a much ted question, however (cf, capillary permeability, below), 
whether this « lia is due to loss of plasma throughout the organism or only 
in directly injured areas. The relative importance of incidental hemorrhage 
during trauma lso quite differently assessed by the various authors. 
Direct exar on of venous blood, coming from a limb damaged by the 
tourniquet technique, indicates that important losses of fluid into damaged 
tissues do occur even in the absence of hemorrhage. Such observations show 
furthermore, that systemic manifestations of shock appear before any important 
quantity of fluid is lost into the damaged tissue.2** Since hemoconcentration 
during shock considerably raises the blood viscosity, severe cardiovascular 
disturbances can ensue. Hence irreversibility in tourniquet-shock develops at 


higher blood-pressure levels than in hemorrhagic shock, because in the latter, 
blood dilution nullifies the tendency of the stressor to raise blood viscosity.?** 
Measurements of the total circulating erythrocyte and plasma volume in the 
dog (by the “Evans blue”, radio-iron and radio-iodine techniques) revealed 
that there is always a greater reduction in circulating red-cells and plasma than 
can be accounted for by measurable external hemorrhage. This is partly due 
to internal blood loss, but largely also to stagnation of blood “trapped” in the 
capillaries of all organs.*4° 


Many investigators examined the conditions influencing the leakage of 
fluid from the plasma into the intercellular spaces.*4* The interstitial fluid in 
the damaged area was found to be unusually rich in protein, thus resembling 
blood-plasma.*** Furthermore, following release of tourniquets in the frog, 
the gain of sodium allegedly so much exceeds the gain of water in the gastroc- 
nemius that penetration of Na into the intracellular compartment has been 
suspected.#* 


After traumatic injuries, oliguria or even anuria develops with great regular- 
ity, during the ‘secondary shock” phase. Since this usually coincides with 
hypotension, it is — at least in part — probably dependent upon a disturbance 
in renal circulation. Nevertheless, experiments on guinea-pigs showed that 
oliguria can ensue after trauma, at a time when the systemic blood-pressure is 
still high. This is true even if the kidney has been previously denervated. 
Hence, it was concluded that hormones, or toxic substances, may directly affect 
the kidney and thus cause post-traumatic anuria.2*” As we shall see below 
(cf. G-A-S > Kidney), degenerative renal lesions may accompany this 
decrease in urine output; however, the anuria of the counter-sh n 
not be confused with the “crush syndrome’, wh 
several days after the trauma.?*" , 


*45 Selye and Dosne A3580 
aa Seligman et al. 93 


ibson et al. B’ 


210 WATER BALANCE 


Following severe hemorrhage, the loss in plasma volu 


vidly com 

pensated by the uptake of intercellular fluid into the blood marked} 
decreases the intracellular fluid compartment, unless the Ja replaced by 
y 


exogenous water, Therefore patients and animals experien: t thirst 


make every effort to obtain water after extensive hemorrhage hecasaaitt 
hemoglobin, and blood protein values indicate hemodilution movitinee 
rather than the usual hemoconcentration of the A-R, be: he Sona 
elements and the proteins of the blood cannot be as rapidly iced ag the 


water?! 


The increased tendency to form edema and the diminution in the urine 


output characteristic of the stages of alarm and exhaustion, are \ ually very 
evident after hemorrhage, since these changes are not counteracted by the 
specific effects of this stressor. In fact, the loss of blood-protein, with the 
resulting diminution in osmotic pressure, increase the edema ndency, while 


the (at least temporary) diminution in plasma volume and blood pressure, ag 
well as the great need for water preservation, tend to further augment the 
anti-diuretic effect of systemic stress. 


Cardiac edema does not occur in dogs in which irreversible hemorrhagic 
shock is produced, unless they are given massive infusions of saline, Hence, 
cardiac edema can not explain the deterioration of the heart in such experi- 
ments,2? 


The decreased volume-flow of blood through the tissues has been respons- 
ible for the decreased alkali reserve and increased blood-N.P.N. which occur 
after severe blood losses.*** The reduced bleeding-volume (total amount ot 
blood obtainable by unrestricted bleeding), noted during hemorrhagic shock, 
is not abolished by re-infusion of the lost blood. Hence it was ascribed to a 
redistribution of the blood into the splanchnic area where it is trapped during 
shock,?°4 


Exposure to cold causes marked polyuria during the resistance stage of the 
G-A-S, in the rat. This is particularly obvious in animals sensitized by partial 
nephrectomy and a high NaCl intake. The diuretic effect of cold (as its 
hyalinosis producing action) is greater than that of most other stressors.” 


Extensive burns cause a particularly pronounced loss of water, because. 
in addition to their very intense systemic stress effect, they occasion a profuse 
seepage of fluid on the entire affected surface area.255 Consequently, after 
widespread skin burns in man, the plasma-volume may fall 50% below normal 
within two hours.*** It must be kept in mind, however, that in burned patients, 
the measurement of plasma-volume with dyes or radioactive proteins, gives 
rather inaccurate results, because the capillaries become permeable for such 
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Experim swed that after the initial phase of hemoconcentration 


the blood-vol 
may well cors 


to rise significantly above normal 
o the stage of resistance. 


after burns.2 This 
Among the invoked to explain the genesis of the anuria following 


burns, the mo tant are: hypoproteinemia, increased blood viscosity and 


density, decs lasma-volume, hypotension and the stimulation of nerves 
which act dir on the kidney.2” 


During electro-shock therapy in man, the plasma-volume decreases slight- 
ly. There al nds to be a transitory inhibition of diuresis, which has 
tentatively been ribed to an increased vasopressin production by the posterior- 
lobe.?*? 

Systematic studies in the dog showed that the elimination of exogenous 


water is greatly inhibited by emotional stress.2°* Similarly, in the rabbit, 
emotional disturbances and painful stimuli cause antidiuresis, presumably by 
decreasing the renal blood-flow and filtration rate. Here, tubular reabsorption 
of water appears to be of minor importance. Since adrenaline, in large doses, 
causes renal ischemia similar to that observed during emotional oliguria and 
since denervation of the kidneys does not change this renal response to nervous 
stimulation, the reaction may be mediated through a discharge of adrenaline.?** 


Conversely, in aviators, the emotional stress of flying tends to increase 
diuresis. Simultaneously the excretion of steroids (presumably of adreno- 
cortical origin) rises, hence it was suggested that the diuresis may be due to 
adrenal cortical stimulation such as occurs in the counter-shock phase of 
the A-R.265 


Perhaps the diuresis observed in anoxia is governed by a similar mech- 
anism. It must be kept in mind, however, that — apart from the production 
of diuretic steroids — stressors cause many other changes which could account 
for this polyuria, 

During fever an increase in the total water content of the body had been 
observed as early as 1869.8t The blood-volume also tends to rise during 
fever,2® but only if the resulting systemic stress is not too grave and acute. 
Fulminating infections cause hemoconcentration and oliguria,**® as do other 


stressors which elicit a marked shock-phase. Thus, her in sed 
hydration may correspond to the counter-shock or | : 


the G-A-S. er 
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our years “€ edema. = phasized in this connection *7! that 2300 years ago 
rt labor, a Diogenes as ribed the experience of Hercules who retired into the 
va sete mountains - ao oe herbs and legumes, upon which he became 
as Jom hydropic anc f course he may have suffered from renal disease or 
hair. The in cardiac deco yn — and indeed he may not have existed at all — 
f the ine but let ns eo pan wet a detailed discussion of the many G-A-S 
syndrome char problems rai sreek mythology. 
ee prolonged The occur! f hunger edema has been mentioned as a characteristic 
1ann and He manifestation imines in the descriptions of the Peloponnesian wars (430 
r B27607/48), B.C.), during the Russian campaign of Napoleon (1812) and ever since.*” 
It is often acco inied by the formation of pleural and peritoneal transudates, 
and may lead ¢ ute lung or brain edema with delirium and confusion.?™ 
During the recent World War, among the inmates of concentration camps, 
severe exsiccosis often alternated with periods of generalized tissue edema. 
When moderate amounts of physiologic saline solution were administered to 


dehydrated starving men, almost the entire fluid was immediately deposited 
in the extracellular space. This often caused acute lung edema and “‘flooding” 
of the serous cavities as well as of the subcutaneous tissue. Such manifestations 
are allegedly due to an essential inability of the undernourished patient to 
keep normal amounts of water in the vascular system. Polyuria is likewise 
frequent among severely undernourished men.?"* 


A decreased osmotic pressure of the plasma (due to hypoproteinemia) and 
impaired renal function are probably the most important factors in the produc- 
tion of famine edema and the associated derangements.*** Yet starvation may 
cause edema even if the protein-osmotic pressure of the plasma remain within 
normal limits,2*™" presumably as a result of increased capillary permeability.7"™ 


Exposure to cold may be a contributing factor. In the undernourished it 
may suddenly elicit edema and cause an almost elephantiasis-like swelling of 
the legs, transudation into the serous cavities, etc. In some cases, exsiccosis and 
edema co-existed; the mucous membranes were dry, and the patient suffered 
from intense thirst, although the subcutaneous tissue was edematous.?*" 
ater balance and distribution induced by 
stematic and were largely limited to the 
A-R stage. However, generally speaking, the disturbances so far observed 
support the view that most stressors tend to elicit derangements essentially 
similar to those outlined above as being typical of the G-A-S. One or more 
of these manifestations have been noted following exposure to nuclear fission 


products,2’? x-irradiation,278 heat," exces ’ F 
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toneal injection of glucose,**' toxic doses of histamine ** .drenaline® 
heavy overdosage with folliculoids,*** deep ether anesthesia constrics. . 
of the hepatic veins *** and a variety of severe diseases cond te “medias 

ica 


shock” 287 and circulatory collapse.** 


Stimuli Influencing Water Balance During the G 


Complete hypophysectomy does not produce as pronoun: disturba 
in water metabolism as isolated removal of the posterior-lobe o1 traniecenee 
of the pituitary stalk, These latter operations induce the experimental equivélis 
of diabetes insipidus. They interfere with the production of the antidianey: 
posterior-lobe hormone, which is presumably identical with vasopressin. It i 


perhaps for this reason that the administration of diuretic steroid hormone 
such as DCA **° and progesterone **° causes especially marked polyuria aft ; 
hypophysectomy. a i 

Thyrotrophin or thyroid hormone can elicit diabetes insipidus in completely 
hypophysectomized animals. Hence, lack of thyrotrophic stimulation ache 
plays a part in the prevention of the development of polyuria after ablation of 
the entire hypophysis.?® 

The diuretic effect of exposure to cold appears to be abolished by hypo- 
physectomy, in the rat.?** 

In the intact organism, treatment with impure preparations of anterior- 
lobe hormones rarely causes any significant change in water balance until 
severe secondary changes occur, for instance, nephrosclerosis or adreno- 
cortical hypertrophy. Then polyuria ensues due to renal damage.** Short 
term treatment with purified corticotrophin causes water retention in man.** 

Among the posterior-lobe hormones, vasopressin plays an especially impor~ 
tant réle, because of its previously mentioned stimulating effects upon the 
reabsorption of water in the proximal convoluted tubules. A good deal of 
evidence has been adduced to show that emotional strain ®** burns *®° and 
other types of severe stress,*® increase the secretion of vasopressin and that 
this humoral mechanism plays an important part in the genesis of oligutia 
during the shock phase. 

The well-known diuretic effect of cold resembles water diuresis in many 
respects and in both these instances vasopressin exerts a pronounced anti- 
diuretic action. This “constitutes suggestive evidence that cold-diuresis is 
controlled by the posterior pituitary gland”.2*? Similarly the “acceleratory 
polyuria” (seen in rats placed in a centrifuge) is reversed or inhibited by 
posterior-pituitary extract.?°° A diminution of vasopressin secretion may thus 
occur during the polyuria of the stage of resistance, but the evidence for this 
later assumption is inconclusive. 
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Adrenalectom) 2s dehydration of the tissues, probably accompanied 
by a decrease in t pi ellular and an increase in intracellular water. These 
derangements dily corrected by pure mineralo-corticoids, gluco- 
corticoids or C0! xtracts, but not by adrenaline.“ The diuresis noted 
during the cou! -k phase of the A-R produced by various stressors is 
revente by a lectomy in the rat. This was ascribed to the resulting 
elimination of tl il excess corticoid production during stress.*""* 
Adrenalector -ases the edema-producing and antidiuretic effect of 
various system: srs during the stages of alarm and exhaustion; it inhibits 
the development o! the inverse phenomena characteristic of the stage of resist~- 
ance.2”” Trauma and histamine injections, for instance, cause much more pro- 
nounced water retention in adrenalectomized than in intact control rats. Suit- 
able cortical-extract treatment improves diuresis and diminishes the edema 
tendency during the A-R. This beneficial action is especially obvious after 


adrenalectomy Ww hen the corticoid deficiency is maximal.*°! The diuretic action 
of parenterally administered glucose solutions is greatly diminished by adrenal- 
ectomy in the rat, but adrenal transplants restore it towards normal.*”* 

Adrenaline tends to cause diuresis, due to constriction of the efferent 
glomerular vessels. It also counteracts the antidiuretic action of vasopressin.5°* 
In the dog toxic doses of adrenaline often cause edema of the heart with peri- 
cardial effusions.** In view of the hyperadrenalinemia of stress these effects 
must not be neglected. 

The water retaining effect of corticoids runs roughly parallel with their 
ability to retain Na and Cl (cf. Adrenalectomy p. 191, and Corticoids PP- 192- 
195). Like other mineralo-corticoid actions, the effect upon water metabolism is 
largely dependent upon conditioning factors (e.g-, length of treatment, condi- 
tion of kidney, NaCl and water intake). Various corticoids, especially DCA, 
can cause pronounced diuresis both in experimental animals and in man. How- 
ever, marked polyuria occurs only on a high NaCl intake and after prolonged 
treatment, at a time when histologic changes begin to appear in the proximal 
convoluted tubules. It is probable therefore that the diuretic action of mineralo- 
corticoids is secondary to their damaging effect upon that part of the nephron 
in which water reabsorption takes place. Although among the steroids so far 
examined DCA possesses the greatest diuretic effect, other mineralo-corticoids 
(e.g., desoxocortisone)°°** cortical extracts °° and even gino ease 
(e.g., cortisone), can stimulate diuresis to some extent on very high Na- 


intakes.304¢ : ’ 
After still more prolonged treatment, DCA may cause water retention, with 


generalized edema, especially in certain s 
in the rat,3°* dog, monkey *°* 
in blood-volume with wa 
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neum, subcutaneous tissue, brain and, to a lesser extent, i vee 
the same time, the body weight rises considerably due to veheaal At 
as a result of a sustained increase in water turnover the pol: ia 0n, but 
The pathogenesis of the edema is not yet fully understood; i r rics. 
ary to the renal changes, disturbances in osmotic press ad ‘ee 
capillary permeability. The rise in blood-volume induced by DC (aan 
the rat) may well play a réle in the pathogenesis of the hypertensio cna 
by this mineralo-corticoid.*™* n caused 
Even brief treatment with corticoids may cause some wat etention, Thi 
has been observed in man not only with DCA, but also with cortisone 309 his 
17-hydroxy-corticosterone (Kendall's eee) Obvious! heal aE, and 
are dealing with conditioning factors which determine whether a conga sat 


augment or diminish water retention. The nature of these factors is not kn 
but the NaCl reserves and the osmotic pressure of the body Sluids a Pay 
to be involved. B60 

Various investigators examined the effect of corticoids in individuals exposed 
to diverse types of systemic stress. Thus, it was found that in patients with 
renal diseases,*" non tropical sprue*” as well as in simply undernourished 
patients ** DCA tends to cause especially pronounced edema. Piseeiginiity 
here water retention by DCA is facilitated as a result of protein depletion. The 
elimination of water through perspiration in patients exposed to heat *™ and 
the decrease in plasma-volume during ether anesthesia ®!® are allegedly also 
inhibited by corticoids. ; 

Our investigations concerning the value of corticoid therapy in combatting 
dehydration during the A-R showed that gluco-corticoids and cortical extracts 
are particularly effective, while DCA is of comparatively little value in pre- 
venting the hemoconcentration during the shock phase after traumatic inter- 
ventions, partial hepatectomy, etc.46 The general tissue-edema formation, 
often observed in rats during an A-R (e.g., after histamine or trauma) can be 
counteracted by adequate doses of cortical extract.o!* 

Curiously progesterone also stimulates diuresis, in intact (and especially 
in hypophysectomized) rats, although this steroid does not cause nephro- 
sclerosis in mammals.*!* 

The réle of the kidney, as the main portal of water elimination, has been 
briefly touched upon above. A detailed discussion of the enormous pertinent 
literature is not within the scope of the present study. It should be mentioned, 
however, that under certain experimental conditions, an A-R (produced by col 
muscular exercise, trauma, or histamine administration) counteracts the forma 
tion of pleural transudates and lung edema even in the absence of the kidneys 
This was shown in experiments in which completely nephrectomized rats ve 
intravenously injected with 1% NaCl solution in amounts which normally 
always cause death from lung edema and pleural water accum ion.*” thet 


o 
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Zié 
observations = - t the effect of the A-R upon water metabolism is not 
merely secondal hanges in renal function. 
j ] } I $ > = o > oO . 
Experimenta phritis increases the extracellular fluid- and blood-volume 
in the rat. Part © oressor effect of this intervention may depend upon these 
31a 
changes 
2 in ere “= . a - 
Renal hormo influence water metabolism in various ways Exper- 


rine kidney” lend themselves particularly ell to this 


type of study here urine formation is completely abolished in one 


kidney. In this respect a rat bearing an “endocrine kidney" corresponds to 
one in which a unilateral nephrectomy has been performed. In the rat, remov al 
of one kidney does not significantly influence diuresis, or any other aspect ot 
water metabolism, because the safety margin of the remaining kidney is ade- 
quate to compensa for this degree of functional loss. Conversely, the bearer 
of an “endocrine kidney” develops pronounced diuresis, simultaneously with 


nephrosclerotic changes in the contralateral organ. These lesions resemble 


DCA. We may therefore surmise that the diabetes- 


those produced by 
to a 


insipidus-like polyuria produced by the ‘endocrine kidney”, is due 
derangement in the reabsorption capacity of the tubules similar to that caused 
by DCA overdosage. The rise in glomerular filtration pressure, caused by the 
hypertensive effect of the ‘endocrine kidney”, presumably also plays a réle. 
It is noteworthy that unlike the diuresis induced by DCA, that elicited by the 
“endocrine kidney” is not significantly augmented by NaCl administration.**° 

Injection of renin causes marked polyuria in the rabbit; allegedly due to 
inhibition of water reabsorption in the convoluted tubules.*** 

Nervous and emotional factors can also significantly influence the water 
balance during the G-A-S. The relevant literature has already been dis- 
cussed above. Let us merely add a few pertinent facts. 

After section of the supraoptico-hypophyseal tracts, a greatly reduced 
amount of antidiuretic substance is released from the neuro-hypophysis of the 
dog during emotional stress, as shown by an almost complete abolition of 
the usual “slow type” of inhibition of water diuresis.*?* 

Normally the diuretic effect of orally administered water is greatly delayed 
by exposure to heat. In the dog this delay is abolished by transection of the 
pituitary stalk. Hence it has been concluded that a discharge of vasopressin 
is involved in this adaptive response to heat.*8 

Conversely the antidiuretic effect of burns is largely independent of the 
hypophysis since it remains obvious after decapitation, even in dogs whose 

blood-pressure is maintained at a normal level re ‘ 


ere the response 
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sensitize the rat to vasopressor and hyalinosis prod 
augment the blood-volume.**°* 
Many other factors are capable of influencing the wate: 
G-A-S. Several of these have been discussed in connecti 
stressors affecting water exchange during this syndrom 
apparent that a decreased colloid osmotic pressure of the bi 
‘ catabolism), increased capillary permeability, interference 
(due to toxic or humoral agents affecting the kidney and to 
tion pressure) play important roles in this respect. It may 
prevention of fluid foss in the directly damaged tissue, 


application of pressure bandages or plasters to burned areas 
concentration both in animals **° and in man.*27 This procedure 
recommended for the prophylaxis of shock, although its pra 


still the subject of debate. 


2628 Braun-Menéndez 
i“? and Martinez B46379/49. 
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iecreases hemo- 


has even been 
tical efficacy is 


HORMONES AND HORMONE-LIKE 
SUBSTANCES 


n we shall limit our discussion largely to observations in 
1 hormone metabolism during the G-A-S, were studied 
jeterminations (bioassays, chemical estimations) in the 
ues. For additional pertinent findings, the reader is 


In the prese! 
which derangen 
by actual hormo' 
pody-fluids and 


referred to other scctions of this book where the more indirect relevant data 
are surveyed, for instance: morphologic changes in endocrine glands, renal 
and cardiovascular lesions suggestive of excessive hormone production, etc. 


Conjointly with the hormone-content of tissues and body-fluids we also 
propose to include concise statements concerning the behavior of some 
hormone-like, pharmacodynamically active metabolites (e.g., histamine, acetyl- 
choline, ““Frithgift”, “Spatgift”) whose possible participation in the G-A-S 
should be considered. 

A critical summary of this subject is attempted in the section concerned 
with the theoretic interpretation of the metabolic changes which occur during 


the G-A-S. 


Anterior-pituitary Hormones. 


It has been claimed that, in the rat, the thyrotrophin-content of the serum 
and urine increases upon exposure to cold.’ Since cold has a rather specific 
influence upon the thyroid, this response is not necessarily characteristic of 
the G-A-S. 

The elimination of gonadotrophin in the urine of burned patients remained 
within normal limits during the first twenty days, according to one group of 
investigators.2 This is surprising in view of the well-known gonad-atrophy- 
producing effect of systemic stress (cf. gonads). 

The cachexia caused by carcinomatosis considerably diminishes gonado- 
trophin excretion in man.* The same is true of anorexia nervosa.™* 

The gonadotrophin content of the hypophysis was found to be unchanged ‘ 
or even elevated 5 in rats whose ovaries became atrophic as a result of starvation. 
This was ascribed to a failure of hormone-discharge. oe , 

The luteotrophin (prolactin) content of the anterior-pituitary 1S. greatly 
reduced by starvation in the rat.° 

The usual pure ACTH preparations 
proteins of small molec vei 
corticotrophic material 
still smaller polyp 

: pai 
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content of the serum ha 


hypertension the corticotrophin- beer 
ee i Teported 


to be frequently above normal.* All these data are in acco - with e 
concepts concerning the hormonal mechanism of the G but si asi. 
biossay-methods used were not entirely specific, further data id be daa ite 
Authors who employed more reliable assay techniques fail detect arene 
icant amounts of ACTH in the urine of normal or diseased rsons; 8 a 
even after the intravenous administration of large amounts of ACTH 
hormone rapidly disappeared from the blood and only traces could be recoy ioe 
from the urine. Both trauma and burns decrease the cortic: opines 
of the hypophysis due to their stressor action. Adrenalectomy is rec 
Te 


effective in this respect.® 
Posterior-pituitary Hormones. 


There is no evidence that oxytocin participates in the G-A-S, but y 
pressin, currently assumed to be identical with the anti-diuretic . ce 
appears to play a réle. es 
The release of anti-diuretic hormones, under the influence of emoti 
stimuli in the dog,’ has already been mentioned. This response i oe 
, ‘ sponse is almost 
completely abolished by severance of the supraoptico-hypophyseal tract 
operation which causes atrophy of the posterior-hypophysis.” Pia 
es of the neurohypophysis of conscious rabbits by the “remote 
ss method, causes an elimination of antidiuretic hormone through the 
It may be relevant that, after hemorrhage, the antidiuretic potency of the 
urine was claimed to rise especially in patients who fainted." Significantly 
the manifestations of vasopressin-overdosage (pallor, nausea, desire to defecate, 
headache) Strikingly resemble those of subjects who faint after yeneasctiohs! 
The antidiuretic potency of the urine increases in the dog after burns." 
It is not known whether the responsible urinary product is in any way related 
to the vasoconstrictor substance which appears in the blood after trauma, 
say ek and burns,'7 although this possibility has been considered.’ 
Ps cere on normal man in whom circulatory collapse was produced 
n a tilt ta e, lead to the conclusion that probably post-syncopal oliguria 1s 
due to an increased secretion of the antidiuretic posterior-pituitary hormone. 
All these observations support the often suspected participation of the 
ee ey in the vasomotor phenomena of the A-R 
ae ee iG concept of the diseases of adaptation, let us mention 
—, g from cardiac decompensation (hypertensive, rheumatic, 
riosclerotic) often eliminate considerable amounts of antidiuretic-mateti® 
in the urine, However, the characteristics of this principle differ from thos? 
of commercial pituitrin.1® Pe ce 
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The blood itains a chloruretic and antidiuretic substance whose 
a eae = : 

es after adrenalectomy. Like vasopressin, thi 


plasma-concen' 
principle ap ilates renal reabsorption of water and, significantly, 


it disappears ! d after hypophysectomy.”° 
DCA increa put of antidiuretic material through the urine in rats. 


Since NaCl e» 

factor by de sterone would appear to be a consequence ol the 
disturbance 12 ! change’’.2% Perhaps lack of this compensatory reaction 
may explain th ncrease in the diuretic effect of DCA after hypophysec- 


tomy. (CE. p. 2 


lar action “the evocation of the anti-diuretic excretion 


Adrenergic Hormones 


That adrenaline is discharged from the adrenal-medulla during various 
stress is too well known to deserve much discussion. It 
numerous bioassays and analytic determinations, that 
aneously falls in the medulla and rises 


types of systemic 
has been proven, by 


the adrenaline-concentration simult 
‘ing emotions, burns, anoxia, cold, muscular fatigue, electro- 


dosage and many other alarming stimuli.*! 

A discharge of sympathin (presumably a mixture of adrenaline and nor- 
22 from adrenergic nerve-endings, has also been proven to accom- 
pany systemic stress. The increased pulse-rate of the denervated heart and the 
dilatation of the denervated iris in adrenalectomized animals, are but two 
examples of the many experiments by which such an extra-adrenal produc- 
tion of adrenergic substances was demonstrated after exposure to stressors.”* 

Nor-adrenaline-like activity is likewise detectable in the blood *** and 
presumably this also participates in the adrenergic response to stress. 

It is especially pertinent to our problem that recently — using a highly 
sensitive fluorometric method — it could be shown that, after adrenalectomy, 
stress (pain, hemorrhage, muscular exertion) actually decreases the blood- 
adrenaline content of the rat. Indeed adrenalectomy alone suffices to cause a 
fall in the adrenaline-level of the blood. Both at rest, and after stress, DCA 
or cortical extracts restore the adrenalinemic curve after adrenalectomy. 
Presumably the extraadrenal sources of adrenergic substances suffice, even 
during emergencies, but their hormone production depends upon the action 
of corticoids.2*° 

An adrenaline-like urinary compound is nor 
but the claim that its elimination rises after trauma 

It has been asserted that some, not clear’) ympa' 
amines may appear in the heart (sympall ¢ 
as a result of postganglionic neurosect 
blood-corticoid lev 


but the possib 


in the serum, follow 
narcosis, insulin-over 


adrenaline) 


mally excreted by the dog, 
has not been confirmed.** 


.) 
tho 
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Corticoids 


There is considerable evidence showing that the elimin 
in the urine rises far above the normal level (both in ex; 
and in man), during the A-R. That this can occur even | 
of physiologic stressors, has first been suggested by obse 
horses, whose urine contained considerable quantities o! 
following intense muscular exercise. Numerous subsequ: 
using a variety of bioassay (cold-resistance-test, glycog -n-depositio 
and chemical (neutral-reducing-lipid-, formaldehydogenic-m: rial 
ation, infra-red-spectrophotometry, etc.) techniques, definitely i ce 
that this increased corticoid-elimination is really characteristic of the s ei 
response to stressors. Pronounced rises — sometimes up to ten eee 
normal value — were found in man exposed to a variety of alarming sti ct 
(e.g., surgical interventions, crush injuries, acute infections, anoxia hee 
emotional stimuli, intense muscular exercise).** Even “the adrenal of ye 
newborn is capable of responding to trauma with an increased output of gl i 
corticoids”’.?™ ey 

_These observations have subsequently been confirmed, with improved tech 
niques, using many alarming stimuli. Thus it was shown that urinary eottomta- 
excretion is augmented by ionizing radiations,** trauma,” burns,” muscular 
work, mercurial intoxication ** and infections *' in man and during potassium- 
intoxication ** in the rat, 

Increased corticoid-formation also occurs in men as a response to the 
requirement to conserve sodium during acclimatization to humid heat.*?* 
From indirect evidence it was concluded, furthermore, that in man “a very low- 
sodium intake is met by increased adrenal cortical activity of a desoxy- 
corticosterone-like hormone, accompanied by increase in the activity of adrenal 
protein catabolic hormone’. The authors conclude that ‘‘the work of Selye 
on the general adaptation syndrome suggests that our observations might 
simply cover an adaptation to sodium restriction as the stress, but this would 
only further describe rather than explain our results’’.*?? 

Even the comparatively slight stress of normal daily activities appears to 
cause a rise in corticoid-elimination, as judged by the diurnal rhythm of the 
latter. Most subjects show minimal corticoid-excretion during sleep and 
maximal output after the initiation of the day's activities in the morning; 
the evening values tend to be intermediate.** 17-KS-elimination roughly 
parallels this excretion-curve (see below). 
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bioassays on previously healthy and chronically ill 
patients were It was found that in well-nourished individuals the 
urinary elimin jluco-corticoids rises very markedly following a sudden 
systemic stres na, bone fracture, burn, etc.) from the normal value of 
60, to about *! o-corticoid units per 24 hours (1 unit is equivalent in 
piologic activit y of cortisone). On the other hand, in chronically ill, 
undernourishe: ividuals subjected to similar stresses, the rise in gluco- 
corticoid-elimin slight or absent.5* In healthy persons a sudden systemic 
stress also caus more pronounced catabolic response than in the chronically 
ill; hence the abc difference in corticoid-elimination may be due to the 


[In one suct 


well-known stimulating effect of catabolism upon corticotrophin-production. 
It is possible, however, that the condition of the chronically ill patients cor~ 
responds to the stage of resistance in which corticoid-secretion is probably 


less intense than during the stage of alarm. Unfortunately, up to now, no 
systematic investigations have been published concerning the urinary elim- 
ination of corticoids throughout the three stages of the G-A-S. Indirect evid- 
ence (morphologic studies of adrenal structure, quantitative determinations 
of corticoid-requirements) suggests, however, that the greatest discharge of 
corticoids from the adrenal occurs during the A-R, although overproduction 
continues throughout the stage of resistance. Presumably, in the stage of 
exhaustion, the adrenal function becomes deficient when the structure of 


the gland breaks down. 
It has been shown by observations 


in man that purified corticotrophin 
greatly augments the renal elimina- 


A-BEFORE EXERCISE D-APTER EXERCISE 


res, 2 ree, 19 y . es A 

SLU UITER tion of corticoids.*® Since, conversely, 
destruction of the pituitary (¢,g-, Sim- 

= mond's disease) diminishes corticoid- 


excretion, such hormone-determina- 
tions confirm (the now generally ac- 
cepted view) that the stimulation of 
cortical function is mediated by the 
hypophysis.** 

Under the influence of ACTH, 
“compound F" appears in the urine 
of patients with rheumatoid arthritis. 
Even after cortisone treatment only 

of this hormone are excreted 
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of corticoids 
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in the cold (6°C) is also above normal; the rise in the blo inning to 
demonstrable after 19 hours, in the adrenals 70 hours, af initiation : 
treatment.** e 
Bioassays (cold-resistance-test) performed on adrenal-v: lod suggested 
that one suprarenal of a dog produces as much corticoid h per minut 
as can be extracted from 13.5 gm. of adrenal tissue I he adtenal 
weighed 0.72 gm. it had secreted, during one minute, 19 re < 
could have been extracted from it’’.** Essentially similar findi a obtained 
with a chemical test for corticoids.*® Since the operative int tion incident 
to the insertion of the venous cannula represents a stress, it is probable that such 
amounts are greatly in excess of the normal, basal corticoid-~production. 
Comparable experiments on unanesthetized normal dogs (in which adrenal- 
vein-blood was obtained with the angiostomy-method) were required to 
evaluate the influence of stress in the above experiments. ‘hese revealed 
that corticoid-secretion is augmented by a variety of alarming stimuli (eg., 


formaldehyde, trauma, insulin). An attempt was made to examine whether 
adrenergic blocking agents, such as dibenamine, would prevent this response, 
since it had previously been suggested that corticotrophin-production during 
the A-R depends upon adrenergic stimuli. However, it was found that “diben- 
amine itself is an alarming stimulus’’.*° 


It will be remembered that during the A-R there is a sudden discharge of 
stored lipids and corticoids from the adrenal cortex; during the stage of 
resistance, however, lipid-deposition, and presumably also corticoid-storage, 
appears to surpass the rate at which these substances are discharged into the 
blood. Thus storage or discharge are possible in spite of increased hormone- 
secretion. This could explain why some investigators found that acute 
stressors, such as frauma,*! or fetanus- and diphtheria-toxin,"* diminish the 
corticoid-content of the adrenals in the guinea-pig. However, the latter findings 
must be interpreted with caution since a bioassay method of questionable spe- 
cificity (fish-melanophore-test) was employed. 


In cattle-, dog- or sheep-adrenals perfused in vitro, corticoid-production can 
be considerably augmented by adding ACTH to the perfusion-fluid.** This 
observation confirms that corticotrophin stimulates corticoid~secretion by 3 
direct, peripheral action upon the cortex. Curiously, under these conditions. 
some corticoid-secretion persists even if the glands are perfused with the blood 
of a hypophysectomized donor.** 


Using this same technique, it was concluded that: “Intravenous infusion 
of adrenaline causes a strong, immediate and long-lasting stimulation of supra 
renal cortical activity in the eviscerated dog or cat. The effect was obtaine' 
with doses of adrenaline which occur in the body under physiological con- 
ditions. The increased yield was of the order of several times the basal output. 
The action is independent of blood-pressure or blood-flow and “is not mediate 


by hormones from the pituitary”.“* This latter conclusion was arrived at oa 


the basis of a single experiment on a decapitate 


" | being cont J 
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all we know « - mechanism of corticoid-secretion, it requires confir- 
mation. 

The rise in ecretion was confirmed, by chemical determination, 
in the adrenal 1d obtained by cannulation before and after adrenaline- 
injection.** Or ier hand, “in vitro” observations failed to reveal any 
release of cortic ) the adrenal vein after intra-arterial injection of adren- 
aline.*” 

In support o! cept that adrenaline could stimulate corticoid-production 
by a direct act on the adrenals, it was mentioned that: “‘electrical- 


planchnics, provided reflex activity of the nerves on both 


stimulation of t! 
ed, caused an increase in cortical secretion in half of the 


sides had been avi 


experiments’ 48 This claim likewise awaits confirmation. 

Using the perl »>d adrenal as a test-object, it has also been noted that 
intra-arterial injection of acetylcholine increases corticoid-production. Adren- 
aline-liberation by the suprarenal-medulla is dependent upon cholinergic 


stimulation; hence this observation was interpreted as further evidence 
suggesting that adrenaline can directly stimulate the cortex to produce 
corticoids.** 

Among many other metabolites tested only creatine-phosphate, ATP and 
potassium proved capable of increasing the corticoid-production of the isolated, 
perfused adrenal.*” Further work will be necessary, however, to determine 
whether these substances can exert a direct corticotrophic action (that is one 
not mediated by the pituitary) under physiologic conditions. 

Sweat induced by muscular exercise or heat also contains a significant 
amount of corticoid material as judged by chemical determinations (Heard- 
Sobel’s method) in man.*? 

It must be kept in mind that most of the work mentioned in this section was 
done with bioassay methods based upon gluco-corticoid activity (e.g., glyco- 
gen-deposition) or upon “‘corticoid activity in general” (e.g., cold-resistance) 
without any possibility of distinguishing between the various types of corticoids. 
The chemical determinations also fail to make this distinction. Studies con- 
cerned specifically with the excretion of mineralo-corticoids during the Che 
would be very informative and could be performed with the radio-sodium 
or radio-potassium ** technique. 


17-Ketosteroids 
The 17-KS-elimination through the urine is characteristically increased 
during the first one or two days following e while 
upon continued exposure, the v: 
such study, the average ini 


Tose to 18 mg./24 
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of 8 mg./24 hrs, to about 4 mg. 24 hrs, occurred within vauia 

Interestingly, the initial peak was frequently very marke A “on 

Essentially similar observations have been made in patient ng <a ad 

to trauma, infections, bacterial toxins, nervous and emot mate kane 
* Ourns, 


etc. 

Upon brief exposure to cold or heat no significant chan 
tion was observed in man,*** but here presumably the result 
was not sufficiently severe to elicit a marked G-A-S. 

X-irradiation causes a marked increase followed by 
in 17-KS excretion, in patients with ankylosing spondylarth: 


KS €xcre- 


ss Situation 


tive decrease 


inc ‘ 
with the concept of the diseases of adaptation it is also notew: that Caen 
ly, both male and female subjects suffering from this diss have Pet 
urinary 17-KS titer.” ohh 
Studies on dogs exposed to x-irradiation revealed an initial rise with 
secondary fall of urinary 17-KS elimination; it was pointed out that “eit 


hormonal excretion pattern i 5 i ati > organis 

ater ae eae is observed in adaptation of the organism to stress 
Electro-shock is another stressor which elicits a characteristic G-A-S-t 

of 17-KS excretion-curve in man.** a: 
In psychotic patients, the initial increase in 17-KS-excretion during stress 

(e.g., cold) is diminished or absent.®® From these and other studies, it was 

concluded that “this failure of fundamental stress-mechanisms in psychotle 

patients is especially interesting since psychotics ate persons who have broken 

under the stresses of daily life and have developed bizarre and socially 

inadequate behaviour-patterns to cope with their environment’’.®° ; 
It has been emphasized that (e.g., during emotional stress) the 17-KS- 

excretion-curves tend to run inversely parallel with the lymphocyte-count.™ 


The urine of men performing intense muscular exercise allegedly contains 
large amounts of a hitherto unidentified chromogenic steroid, which may be 
A*-androstene-3(8),17 (a) -diol. 

Drugs, having marked systemic stress-effects, likewise produce a char- 
acteristic 17-KS excretion pattern. Recent experiments in the rabbit have 
shown that nitrogen-mustards exert this effect simultaneously with other mani- 
festations of the A-R. Previous exposure to another stressor (e.g., hemorrhage) 
inhibits this action. It was concluded that “this toxic drug thus acts as a stress 
eliciting the alarm-reaction and its effect is inhibited by another, previously 
applied, stress (intense bleeding)".®* This was interpreted as an additional 
example of “crossed resistance”, but of course it must be kept in mind that if 
these 17-KS represent the adrenal stores, they could obviously not be dis- 
charged into the urine twice in rapid succession. 
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A single « 1 a patient with sublimate poisoning led to the sugge 
tion that he increased 17-KS elimination is due to the A-R.' 

In Holla 1e influence of chronic malnutrition during the last 
World Wi .ge elimination of 17-KS fell considerably below 
normal.** s noted among badly undernourished prisoners-of- 
war. Obs: n normal male and female subjects showed that 

reduce 17-KS excretion by 50%%."* Similar changes 


starvation Ic 11 
occur in ano i 

An extensi of investigations on 66 persons who went through some 
type of medica urgical injury led to the conclusion that “...urinary 17-KS 
excretion usu or a brief period (one to three days) and almost always 
falls for a longer period which lasts until convalescence is achieved, when it 
gradually returns to normal. In chronically ill or debilitated individuals on the 
other hand, the initial level is subnormal and the response to injury usually 
small or absent. It is believed that these findings are further evidence that 
alterations in adrenal-cortical function are an integral part of the adaptation- 
syndrome of Selye and a link in our understanding of the part this syndrome 
plays in clinical medicine’.®? In patients who became cachectic due to carcino- 
matosis, 17-KS-elimination is usually low.™ These findings recall the fact 
that corticoid-elimination is also subnormal in debilitated patients exposed to 
systemic stress (see above). 

The diurnal variations in corticoid-excretion (see above) are accompanied 
by 17-KS-elimination curves of an essentially similar pattern.” 

The rise in 17-KS-elimination during the A-R may be due to a mere discharge 
of stored steroids from the adrenal-cortex, or to an actual increase in their 
production. On the other hand, their decreased elimination during the stage 
of resistance suggests diminished testoid-production, both by the adrenal- 
cortex and (in the male) by the testis, as a result of the “shift in pituitary 
hormone production” elicited by chronic systemic stress. 

Presumably corticoid production also declines during the stage of resistance, 
since these (e.g., cortisone) would likewise be partly eliminated as 17-KS.% 

It has been shown in man that not only gonadotrophin (LH) “” but even 
pure corticotrophin increases the renal elimination of 17-KS*! even in 
females,?? and children. Since 17-KS may result during the metabolic degrada- 
tion of corticoids, this does not prove that ACTH stimulates testoid secretion. 

The literature concerning hormone-elimination in the various “diseases 
of adaptation” will be discussed in the sections specih e 
latter. Let us merely mention here that A®-etiocho 
found in normal urine, is frequently exer 
hypertension or Cushing's ; 


of this finding. . 
a. 
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Renal Hormones and Related Substanc: 


It is well known that interference with the renal circt 


‘ : ; g., by 

Goldblatt-clamp) raises the production of renin by the ki nee 
increased amounts of this enzyme appear in the blood.** R elf ee Y 
effect upon the blood-pressure, but it transforms hyperten (an hee 


blood-globulin) into the intensely pressor compound hypert: 

The chemical properties of renin suggest that it belongs to t! 
In dogs with experimental renal hypertension it was note: 
renin-concentration tends to return to normal after an initial 
such animals the hypertension nevertheless persists, some auth 
hypersensitivity to renin has developed; others believe that 
humoral phase the blood-pressure continues to be maintained a high level 
because secondarily a sympathetic, vasopressor mechanism brought into 
play.** Several additional facts have come to light which make it unlikel 

that increased renin-production is the sole cause of renal hypertension,” el 
it must be remembered that the kidney probably produces other pressor sub- 
stances as well as renin (cf. below). 

Since the hypotension of the shock-phase also interferes with renal blood- 
supply, it is in agreement with current theory that hemorrhage increases the 
renin-concentration. This was shown to be the case not only in the blood 
coming directly from the kidney, but even in that of the systemic circulation. 
It was concluded that renal hormones participate in blood-pressure-home- 
ostasis.*® The renin content of the kidney-tissue itself is not demonstrably 
altered during hemorrhagic shock.” 

Injection of cobra venom into the renal artery of the cat produces a renin 
discharge from the kidney (even after adrenalectomy and evisceration). Since 
the venom does not cause renal vasoconstriction it has been concluded that 
ischemia of the kidney is not a necessary prerequisite for renin secretion." 
OF course it is possible that the venom accomplished, by chemical means, those 
same alterations in the metabolism of the kidney which the constriction of the 
renal artery produces through a derangement in circulation. 

Adrenalectomy does not prevent the rise in the blood-renin-concentration 
after hemorrhage, unless a nephrectomy is simultaneously performed.*? This 
shows that the pressor substance is of renal origin and that its production is not 
necessarily dependent upon stimulation of renal incretion by the adrenal. 
Adrenalectomy fails to influence the usual disappearance of renin from the 
contralateral kidney following unilateral clamping of the renal artery; howevet 
it accelerates the rate at which renin reappears in this kidney. 

‘ ae dogs, the renin-content of the kidney is significantly diminished 
y treatment. In renal hypertensive dogs DCA diminishes the renin 
content of the constricted kidney, but fails to influence the low-renin-con” 


see below), 
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the blood- 
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er the initial 
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centration ! ateral orgat This also suggests that mineralo- 
corticoids ¢ he renal r mechanism 

After uni artery-constriction, renin soon disappears trom the 
contralater: but curiously it reappears rapidly if the animals 
contract an }., distemper, pneumonia),™ or if their adrenals are 
removed.” 

If renin is 1 enously in doses sufficient to raise the blood-pressure 
of a dog, it n in the systemic blood is demonstrably increased. 


Yet, using t! ioassay technique, no increase in blood-renin is noted 
in patients wit! itial hypertension. On the other hand, in acute hyper- 
tension (e.g.. 9) lonephritis or eclampsia) the systemic blood does contain 
a definitely hi in-concentration.®® Perhaps in man also only the initial 


acute stage of renal hy 


:ypertension is due to renin, while later, other renal-pressor- 
substances or sympathetic stimuli take over. 

The hypertensinogen (or “renin-substrate”) content of the blood dimin- 
ishes during hemorrhagic shock.** This may be preceded by a sharp rise.*? 
The diminution has been ascribed to the simultaneously increased renin- 
formation, which must result in a greater utilization of its substrate. The 
development of refractoriness (“tachyphylaxis”) to renin, following severe 
hemorrhagic hypotension,“ also finds its explanation in this interaction since 
renin cannot act in the absence of hypertensinogen.™ 

Corticotrophin increases the hypertensinogen-content of the peripheral blood 
in the intact, but not in the adrenalectomized dog.” Here again there is evidence 
of an adrenal regulation of the renin-hypertensin mechanism. 

The hypertensin content of the systemic blood rises in dogs with exper- 
imental renal hypertension. A similar rise occurs in dogs subjected to 
hemorrhage. This also agrees with the concept that increased amounts of 
renin (while depleting hypertensinogen) form an excess of hypertensin from 
this precursor.*' It must be admitted, however, that other experiments failed 
to reveal vasoconstrictor properties (rabbit's ear preparation) in the renal-vein- 
blood of dogs after hemorrhage or carotid-sinus-stimulation. Hence, it is still 
debated whether the renal pressor-mechanism is of physiologic significance.** 

Hypertensinase is an enzyme which destroys hypertensin. It is present in 

various tissues; the intestine, kidney, pancreas, spleen and erythrocytes 
(enumerated here in decreasing order of activity) are the richest, while 
the plasma is very poor in this enzyme.” Its possible réle during the G-A-S 
has not been studied. 
The enzymatic production 0 
proteins is not entirely specific. It has been 
with pepsin, both hypertensinoge : 
albumen, washed fibrin, hy 


f hypertensin-like vasopressor substances from 
hown " that, upon digestion 
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transformed into an intensely vasoconstrictor and hype: sabeae 
pepsitensin. These observations have been confirmed adel Pa 
numerous subsequent studies.» Some investigators clain e detaal y 
minor differences in the chemical behaviour (especially sinha ed 
the hypertensinase of erythrocytes) of hypertensin and p nsin,™* re 
these are so slight that they may well be due to accompany! opium . 
some slight modification of the chemical structure. Hence, it gence 
agreed that pepsitensin is essentially similar to, if not identi ithe hae 
tensin. 

Several investigators reported pressor substances in enzymatic digests of 


kidney-tissue. There is some reason to believe that these vaso| 
amines, perhaps iso-amylamine, tyramine, phenylethylamine, hy 


or mixtures of such compounds.** 


essors were 
roxytyramine 


Since tyramine possesses a definite pressor action and is chemically related 
to adrenaline, it has been suggested that this amine may play a réle in the 
pathogenesis of hypertension. Chronic treatment with tyramine may cause 
arterial and renal hyalinosis.** The possibility of a transformation into more 
active pressor amines (e.g. hydroxytyramine, nor-adrenaline or adrenaline) 
and of mutual potentiation between tyramine and related adrenaline-like com- 
pounds cannot be excluded (cf. below). It is especially interesting that 
tyramine (and probably other vasopressors) can be formed from the amino- 

| acid tyrosine in vitro, upon incubation of renal tissue or renal extracts.®® Indeed, 

it has been claimed that the tyramine so formed can subsequently be oxidized 
to adrenaline by adrenal tissue." However, the claim that the blood-tyramine 


of this compound under: G-A-S > Vessels.) 


droxyphenylalanine (DOPA), hydroxytyramine is formed i 
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concentration is increased in experimental and clinical hypertension has not 
been uniformly confirmed.!"' The participation of this amine in the genesis 
of the G-A-S or the diseases of adaptation remains to be proven. 

It is especially noteworthy that allylamine has been identified as a toxic 
substance present in the tissues of animals dying from experimental pata- 
typhoid infection. Since allylamine given intravenously greatly increases 
capillary permeability it has been claimed that this may be one of the meta- 
bolites involved in the genesis of “serous inflammation”.'”” (CE. also effect 


Upon anaerobic incubation of kidney-extracts with the amino-acid dihy- 
n vitro, due 
the action of a decarboxylase.!"* Under aerobic conditions however, hydroxy- 
tyramine is rapidly oxidized to dihydroxyphenylacetaldehyde b 


y the action of 
an amine-oxidase. The amine has a pressor action (which, like that of the 
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related adrer creased by cocaine), while the aldehyde has a depressor 
action.?"* T vations have subsequently been confirmed and it was 
shown, furt similar reactions occur if whole kidneys are perfused 
with DOPA appears that renal ischemia increases the formation 
of pressor s 1m DOPA, even in vitro.” Perhaps decarboxylation 
of DOPA i: f reaction which can occur in ischemic kidney and thus 


uction of pressor amines. Even in vivo, intravenous 


may lead a 


injection of »roduces a marked blood-pressure-rise 1m renal-hyper- 
inj 


tensive cats iy pertensive patients,'" but little or no change in normal 
individuals. again taken to suggest that ischemic kidney-tissue 3S 
more than normally active in transforming DOPA into pressor substances. 
Yet, some w¢ obtained essentially similar pressor responses from 
DOPA in normal and hy pertensive rats, indeed complete nephrectomy enhanced 
the effect. Hence. apparently, the transformation can also occur outside the 


kidney and perhaps. during uremia, the pressor effect is increased by the 
accumulation of protein-catabolites (competing substrates ?). 

Interestingly, adrenalectomy abolished the pressor action of DOPA while 
DCA restored it, even in the absence of the adrenals.*®® 

Extrarenal formation of pressor tissue-degradation-products has been 
postulated to explain the occasional development of hypertension after com- 
plete nephrectomy, as well as the greater degree of hypertension occurring 
in the nephrectomized partner of a pair of parabiotic rats, in which only one 
twin is deprived of its kidneys.!" However, here the possible réle of increased 
blood-volume must not be disregarded. It has also been possible to isolate 
extrarenal pressor substances from putrified muscle-tissue.’"! 

Certain protein-catabolites, which in themselves have little or no vasopressor 
effect, can perhaps be enzymatically activated by various tissues, though 
especially readily by ischemic kidney-cells. The blood-concentration in such 
catabolites may rise as a result of systemic stress, multiple thromboses (cf. 
serotonin and “Spatgift”, below), or uremia. The actual rise in blood-pressure 
may then depend upon: (1) the availability of potentially vasopressor protein- 
catabolites (mainly extrarenal in origin), (2) their enzymatic activation (mainly 
in ischemic kidney-tissue) and (3) potentiation by adrenaline or allied com- 
pounds, The latter could result for instance through substrate-competition. In 
this phenomenon, enzymes, which can destroy the active vasopressors, are 
largely monopolized by pharmacologically less active, but structurally related, 
chemical analogues. 

About forty years ago the term urohypertensin had been proposed ''** 
to designate an ether-soluble pressor substance found in urine. However, 
both isoamylamine '!* and nicotine 1% can be isola 1 urine 
and since these are vasopressor compo s 
least for part of the “urohyperten 
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} The claim that the pressor action of urine (urosympat! jreater ; 
hypertensives than in normal individuals '’* has not emily ae 
firmed.® Indeed, the total amine excretion is subnorma iin yeas 
: tensives.'!5* G 
Recently, Holtz et al."" succeeded in demonstrating the 1t presen 
. of some pressor material in every human urine. Its actior mented “a 
} cocaine and decreased or reversed by ergotoxine or yohim| Polyphetoh 
oxidase destroys the substance with brown discoloratio 1armacolo ic 
and chemical analysis suggests that the material which | ermed fate 
' sympathin” represents a mixture of hydroxytyramine, ialine (sym- 
pathin-I) and nor-adrenaline (sympathin-E). The same iny 1tors empha- 
sized that the adrenals normally produce both adrenaline and ior-adrenaline 
} It is assumed that DOPA is physiologically transformed into hydroxytyramine. 
‘ then into nor-adrenaline and finally into adrenaline. All three of ‘the laa 
mentioned compounds are allegedly eliminated into the urine, in quantities 


which (as regards their pressor effect) are equivalent to 100-150 y per day 
; The urosympathin content of the urine is significantly increased following 

muscular work and in essential hypertension; this suggests that excessive 
production of such compounds may play a réle in the G-A-S. 

Urohypotensin was a name suggested '® for a depressor material found 
in the urine, but this is believed to be identical with the subsequently prepared 
kallikrein.’ 

Nephrin is the name suggested for a hypertensive substance extractable 
from kidney-tissue with sublimate-alcohol. It allegedly differs from renin, 
} adrenaline, tyramine, hydroxytyramine and vasopressin. Small amounts ot 
this substance are also demonstrable in the blood and urine where its concen- 
i tration increases during experimental, renal hypertension in the dog, as well as 
in hypertensive glomerular nephritis and eclampsia in man. Allegedly, nephrin 
| raises the blood-pressure through a complex action involving constriction of 
' the peripheral vessels, increase in the minute-volume of the heart and a direct 
effect upon the central nervous system.’”° There is much to suggest that nephrin 
is identical with hypertensin.'*! : 

Nephrohormone is a pressor substance which accelerates the transforma- 
tion of indol into indican. This compound has been isolated from the blood 
of the renal vein, as well as from urine. It is claimed to differ from all known 
pharmacologically active renal principles, being a_sterol-derivative formed 
in the renal tubules.122 

In rabbits, in which hypertension had been induced by transection of the 
depressor nerves, nephrohormone allegedly disappears from the renal vein 
blood if the plexus renalis is destroyed.12% 

Nephrolipin is the name suggested for a principle which can be extra 
from the kidney, and which allegedly regulates the blood-lipid-concentratio™ 
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Nephrect« ise in the total lipid, phospholipid, neutral fat, fatty 
acid and ontent « he blood in the dog. This lipemia can be 
prevented xtracts, allegedly because they contain nephrolipin.' 

The hy; ised by stimulation of the central stump of the vagus, 
is not inhi ophysectomy, adrenalectomy or nephrectomy Hence, 
it was con -re the pituitary-adrenal-kidney-system is not involved 
Yet, as sho »ss-transfusion experiments, the blood acquires pressor 
properties d s hypertension, The causative pressor principle could 
not be iden 1 any known adrenergic factor. On the basis of indirect 
evidence, it sumed to be produced by the arteries themselves and 
was merely ted as an “arterial pressor substance’”’.'*° 

A depressor substance, contranephrohormone (apparently a protein) is 
claimed to b -ted in large quantities into the blood after transection of 
the depressor nerves in rabbits. This presumably represents a compensatory 
mechanism against the hypertensive effect of depressor transection.'*° Con- 
tranephrohormone has also been prepared from the renal cortex and is claimed 


to be present both in the albumin- and in the globulin-fractions of renal-vein- 
blood. It allegedly acts through the intermediary of the brain-stem.’”" 


Renipressin is the name suggested for a pressor agent, present in depro- 
teinated renal extracts, which exhibits no tachyphylactogenic properties.’** 

Tubulin is an antipressor substance extracted from kidney-tissue. It antag- 
onizes the vasopressor actions of renin, hypertensin, renipressin '°* and 
adrenaline." The depressor antirenin effects resemble those obtained with 
other. not specially named, kidney-extracts (see above) .134 

During grave systemic stress conducive to prolonged hypotension (e.g., 
hemorrhage, crude renal extracts, spontaneous diseases, toxic drugs) the 
plasma of various animals (cat, dog, rat, etc.), acquires the ability to cause 
a sustained elevation of blood-pressure. This is demonstrable upon intra- 
venous injection of extracts from such blood into previously nephrectomized 
animals.!82 The effect has been attributed to the discharge into the blood 
of a special, sustained pressor principle (SPP). The latter is presumably 
produced by the kidney, since it does not appear in the blood of animals 
exposed to stress after nephrectomy. SPP differs from renin, hypertensin, 
pepsitensin, hydroxytyramine and tyramine in that its effect is much more 
prolonged.!** 

Antirenin '* is a principle which appears in the blood of animals injected 
with crude kidney-extracts. It causes hypotension after nephrectomy and 
neutralizes both renin and SPP.1*° This latter observation, the renal ) 
of both renin and SPP, as well as acl SU ces | ra 
charged in response to h I : j veen 


*4 Diaz and 
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these pressor agents, in spite of certain differences macol 
actions. sic 
It is well known that normal, functional kidney-t ty 
tension produced in various ways (e.g., Goldblatt-clam; - a en 
hypertensin, renin, SPP, VEM); that is why renal ‘p: tastes a 
usually assayed on nephrectomized animals.’*° it is intere refore a 
certain kidney-extracts have anti-pressor properties, altt is ‘Ane a 
known to what extent antirenin-formation is responsible fo: ion,187 yet 
Yet another substance, which might be involved in the n sm of renal 
hypertension, is the “peripheral vasoconstrictor substanc« PVC). This 
is allegedly a non-diffusible, relatively stable vasoconstrict: ose concen. 


logs or human 
by the vaso- 


tration in the blood is high in dogs after infusion of renin, and 
beings with chronic hypertension ** The substance is assay 
constriction which it elicits in the isolated perfused rabbit's ear, but there js 
nothing to indicate that it is a blood-pressure raising substance.'’ Some of 
the properties of this PVC are similar to those of the SPP mentioned above," 

Certain blood-borne vaso-active principles, which appear to play an impor- 
tant réle during shock have been assayed by their effect upon the terminal 
blood-vessels in the “mesoappendix’’, that is, the cecal mesentery of the rat.“ 
In the initial stages of hemorrhagic shock, the blood contains a vaso-excitor 
material (VEM), which is detected by its adrenaline-potentiating effect. 
Under its influence, the reactivity of the terminal arterioles to adrenaline may 
increase up to twenty times above normal.'*” 

Conversely, during’ prolonged, profound hypotension, WEM gradually 
disappears from the blood while a vaso-depressor material (VDM) becomes 
demonstrable in high concentration. The latter substance is assayed by its 
ability to render the terminal arterioles of the rat-mesoappendix refractory 
to adrenaliné.4* VDM has been claimed to be identical with ferritin or its 
protein moiety.' Ferritin does not consistently change the systemic blood- 
pressure of rats rendered hypertensive by the “endocrine kidney” technique, 
or by injection of adrenaline. Hence it was concluded that the terminal 
arterioles of the mésoappendix, on which VEM- and VDM-effects are usually 
studied, “...do not participate significantly in the pressor response to intrav- 
enous adrenaline” and available data fail to support the view that ‘...responsive- 
ness to adrenaline in this segment is closely related to the level of arterial 
pressure’. Ferritin has been isolated from the kidney and spleen of animals 
after the intraperitoneal injection of hemoglobin, and it was considere 
possible that, abnormal ferritin accumulation in the kidney may be the cause 
of tubular necrosis in hemoglobinuria.14** 

Humoral responses, essentially similar to those caused by WDM. 
obtained in various species of animals after the production of shock by hemor 
rhage, tourniquet or crushing injuries’ aah a > 
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It is no’ the liver dney possess enzymatic mechanism 
for the in VEM and both the formation and inactivation of 
these vas¢ ces play an important réle in the mechanism of blood- 
pressure-h ng conditions of shock.’ 

Since r 1 on low-protein diets do not tolerate surgical proc edures 
well, atten en made to show whether they suffer from some dis- 
turbance it VDM-production. Relevant studies suggest that here 
the signific he failure of the liver to inactivate WDM (tested under 
aerobic con itro). This is perhaps due to the hepatic cirrhosis which 


The renal VEM-mechanism is also impaired since 
abnormally EM is produced by the kidneys of these animals, upon 
anaerobic in ion in vitro. “These derangements in the WDM-VEM 
mechanisms > of their significance for compensatory vascular reactions 
to shock, are believed to contribute to the predisposition of the cirrhotic rat to 
shock”.’*8 Yet, even in acute experiments on rats, fasting and low-protein- 
diets inhibit or abolish renal WEM-formation."™ Here, of course, there is no 
question of hepatic cirrhosis. 

In connection with the relationship between the adrenal-cortex and the renal 
pressor system, it is interesting that adrenalectomy allegedly interferes with 
VEM-formation by the kidney. DCA restores this defect in the adrenal- 
ectomized rat,'*” but curiously, DCA hypertension is unassociated with a rise 
in VEM-formation.'*"* 

For further details concerning the properties of VEM and VDM the reader 
is reterred to the original publications.’*! It must be pointed out, however, 
that re-examination of this problem, on hepatectomized and nephrectomized- 
hepatectomized dogs, led to the conclusion that hemorrhagic shock develops 
essentially in the same manner in intact animals and in those deprived of both 
liver and kidney. Indeed, restoration of their own blood after shock had de- 
veloped, resulted in a return of the blood-pressure to the normal level for 2-3 
hours. These and similar experiments led to the conclusion that: “the absence 
of the liver does not change significantly the response of dogs to hemorrhagic 
shock”’.152 Further work is required to clarify the cause of these discrepancies. 

Assays performed on the blood of dogs with experimental renal hypertension 
and patients with essential hypertension led to the conclusion that the VEM- 
VDM-mechanism participates in the pathogenesis of both these derange- 
ments."5* There is, allegedly, much evidence to suggest that the same is true 
of normotensive subjects with chronic congestive-heart-failure due to rheumatic 
lesions." In connection with the pathogenesis of the “crush syndrome’ it has 
been pointed out, furthermore, that in animals ij th hemoglobin, the 
kidney stores large amo £ fe Ais i “ 

As we shall see 
hypertensin and ren 


such animal 
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ability to potentiate the pressor action of sub-threshold di 
and allied compounds (e.g., tyrosine, tyramine).1 Henc 
ationship between VEM, hypertensin, SPP and other pres: 
further study. 

Since plasma normally contains traces of adrenaline,’® 
related compounds,’ even the activation of renin by plasma 
due to enzymatic hypertensin-formation."® 


ol adrenaline 
Ossible rel 
nts deserves 


structurally 
necessarily 


It is especially noteworthy that according to Mylon and r 180 purif 
hypertensin itself is not vasoconstrictive when tested on th ised ee 
ear-preparation unless adrenaline or tyrosine is added to the isate, id 

It has been postulated that some compounds of the ‘vi P”- gro 
especially certain catechins, have an ‘adrenaline-sparing” action ine 
as they inhibit the oxidation of this hormone in the blood.!®! When tested : 
the rat meso-appendix preparation, various catechins of the vitamin-P eon, 
exert pronounced vaso-constrictor effects even by themselves, that is Bk 


the addition of adrenaline 1°. We must not forget that, through their possessio 
of the pyrocatechol-ring, the catechins are related to adrenaline. 4 

It has also been claimed that the oxidative deamination of adrenaline is 
inhibited by ephedrine. In view of the structural similarity between ephedrine 
and adrenaline, the former may perhaps compete with the latter for the amine- 
oxidase which can destroy either of these substances." 

All these observations show that the power to potentiate the vasopressor 
action of adrenaline is not specific to any one hormone, but is shared by a 
number of compounds, some of which could be formed during the catabolic 
phase from the cleavage-products of protein. ; 

Freund 1** introduced the terms “Frithgift’’ (see below) and “Spatgift” 
to designate certain vaso-active compounds which appear in the blood during 
the process of clotting or defibrination. The first, the “early poison’ appears 
almost immediately and has vaso-dilator properties which may play a réle 
during the shock-phase; the latter, the “late poison” is formed subsequently 
and exerts predominantly vasopressor actions.'"° 
0 The terms ‘“vasotonine”,* “vasoconstrictine”,1°7 ‘8-thrombovasine”™ 188 and 
serotonine” 1° have been suggested for preparations whose active principle 
was most probably identical with the Spatgift. 

Considerable work has been done in an effort to identify these compounds 
by chemical and pharmacologic means, but this has not yet been accomplished 
with certainty. 
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The fact t inated blood acquires vasoconstrictor properties has long 
been known er, this was described mainly as a nuisance disturbing 
organ-perfu iments. Subsequently, it was shown that the responsible 
pressor-com ffers from adrenaline?? Nevertheless, the “Spatgift- 
action” is or reversed following administration of ergotamine, 
ergotoxine : ssium-cyanide *7* and is increased by cocaine *” In these 
and in many pects 278 it imitates the pharmacologic properties of adren- 
aline. 

The possibi! s been considered that the “Spatgift’’ could be identical 
with fyramin wut this seems rather unlikely27* The “Spatgift’’ also differs 
in many of it: irmacologic and chemical properties from renin.° 

Recent investigations led to the isolation of a crystalline (m.p. 212-214°C) 
nitrogenous substance from defibrinated beef-blood. This compound contains 


the indole-nucleus and may be the sulfate of an aromatic amine. It is twice 
as active as adrenaline in causing vasoconstriction in the isolated rabbit-ear. 
This principle has been termed “serotonin” and is presumably identical with the 
Spatgift.**° “It may play a réle as a hemostatic agent in intravascular clotting 
and in cases, such as myocardial infarctions following coronary thrombosis, 


where the prevention of spread of hemorrhage into tissues is important’’.**? 


Observations on traumatized vessels in the mesentery of the rat revealed 
that local vasoconstriction occurs whenever a platelet-plug is formed at the 
site of injury. It was concluded that “the vasoconstrictor substances released 
from the platelet-plug doubtless contribute to this contraction and, in addition, 
produce constriction of adjacent uninjured blood vessels’’..8? During systemic 
stress the widespread formation of platelet-plugs in injured tissues could 
perhaps even produce sufficient amounts of such vasoconstrictor substances to 
counteract the characteristic hypotension of shock. 

The “Spatgift” is probably derived from the formed blood-elements and, 
in particular, from the platelets of the blood,1** but perhaps also from erythro- 
cytes as a by-product of hemolysis (see below). It is interesting that a smooth- 
muscle-stimulating principle, found in serum and platelets, causes a discharge 
of adrenaline and a rise in blood-pressure in cats.15* 
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Defibrinated blood loses its vasoconstrictor activity du tro perf 
, 85 Itvoe 188 ; i rFus; 
through certain organs, such as the lung,'*® liver '*® and 7 necked 
through the kidneys * or placenta does not inactivati he esp USion 
marked loss of activity during perfusion through the | che oe 
‘ ra u 
oxygenation; '’ it is probably an enzymatic process. Sito 
Prevention of blood-clotting by heparinization largely p: the formu 
of “Spatgift’, although some vasoconstrictor activity ma develop ation 
191 as a 


result of mechanical damage to the formed elements. 
hemolysis, below.) 


Products of 


It has often been noted that mechanical damage to the b ilso produ 
vaso-active substances, which may arise as a by-product ol hemeliystgine 
Some of these cause vasoconstriction,’ others, vasodilatation.!4 It js z 
known whether the former are identical with the ‘“Spatgift’, but, in pity ey 
is of great importance in connection with the G-A-S-concept, that hemol ni 
can produce vasoconstrictor substances, since various stressors (e.g., fae 
crush-injuries, drugs) cause hemolysis in vivo and could form vasopressor 


materials as a result of this. 


It appears that the vasodilator substance liberated from hemolyzed erythro- 
cytes differs from acetylcholine, histamine, adenosine, adenylic-acid, the 
substance P” of v. Euler and Gaddum and from kallikrein. It may be identical 
with adenosine-triphosphoric acid or adenosine-triphosphate '"’ and hence with 
the friihgift (see below). 


Pressor properties have also been detected in human plasma, ascitic fluid 
and cerebro-spinal fluid. The active substance was thought to be an organic 
base, bound to plasma-colloids, since the activity is not demonstrable in ultra- 
filtrates, but is liberated on coagulation of the colloids by alcohol. Blood- 
coagulation alone does not produce this principle. Here we are apparently 
dealing with a pressor substance acting through the central nervous system, 
since its hypertensive effect is not demonstrable after pithing and is greatly 
diminished by anesthesia. The material also appears to augment the carotid- 
sinus-reflex..% It differs from ‘‘Spatgift’’ in that its action is mediated by 
the central nervous system, and from renin, in that it causes no tachyphylaxis 
upon repeated injections.!%7 


‘ The “Frithgift” of Freund or a-thrombovasine ' is a blood-pressure- 
ecreasing principle(s), which appears in clotted or defibrinated blood be-ore 
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“gc marl 20 d . 
the “Spat: ned Its depressor effect is probably due to adenine- 


nucleotide idenosine-compounds.”"! 

Adenosin phoric-acid has been demonstrated in the blood,*”? and 
three nucle: re prepared from erythrocytes, namely: diphosphopyridi- 
nucleotide | ymase of v. Euler), triphosphopyridinucleotide (the co- 
ferment of \ ;) and adenosine-triphosphate.2”* The adenosine-content 
of the eryt! is higher than that of the plasma and when blood clots, 
or when cit lood is shaken, its adenosine-equivalent increases although 
the histami: lent remains unaffected.*"* It is very probable, therefore, 
that the for: f adenosine-compounds during clotting, and their liberation 
from erythro< uring hemolysis, can contribute to the development of hypo- 
tension during intense systemic stress. 

Several of the blood-borne vasodilators (e.g., histamine, choline, adenosine) 
are more active in causing hypotension than in eliciting the decrease in kidney- 


volume which often accompanies a fall in blood-pressure. The reverse is true 
of adenylic-acid. Some depressor substances, which appear in human plasma, 
ascitic fluid and spinal fluid (when they are allowed to stand), resemble 
adenylic acid in that their constrictor effect on the kidneys is particularly 
pronounced.2” They may be identical with “Friihgift”’. 

Even re-injection into the same animal of its own defibrinated blood can 
cause fatal hypotension. This does not occur if blood-clotting is prevented by 
heparin or dicumarin; *°** hence the damage has been ascribed to some process 
incident to blood-clotting.2°° The causative vasodilator substance is extremely 
labile: if the blood is re-injected 30 minutes after defibrination, it no longer 
exerts its fatal effect.2"" It has been assumed that thrombin is formed during 
the process of defibrination and causes multiple emboli, but after some time 
thrombin is transformed into inactive derivatives and hence the blood loses 
its toxicity. These experiments led to the view that the ‘“Friihgift’ is identical 
with thrombin and that death from this substance is the result of multiple 
thromboses.2°° This concept remains to be proven. 


Splenic Hormones 


According to Ungar” the spleen produces two hormonal substances 
which have even been extracted from splenic tissue. The first, splenine-A 
can allegedly be formed, even in vitro, from ascorbic-acid by splenic enzymes. 
It is apparently an esterified aliphatic compound (CsHysOs) containing a 
lactone-linkage. The compound exerts “vitamin-P”’-like actions, inasmuch as 
it augments capillary-resistance and decreases capillary-permeab lit well as 
thé bleeding-time. It has been claimed that s ‘ een 
under the influence of the hyp (cortico 
(corticoids). ‘The substar 
the G-A-S, proba : 
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is discharged under the influence of diverse noxious < 


the capillary endothelium’’.*"" 'S It Protects 

While splenine-A occurs only in spleen and blood Bag 
allegedly formed from glycogen) occurs both in the sp! is Mi 7 is 
One- 


marrow. Its pharmacologic actions are essentially opposi 
A and it is presumably identical with “thrombocytoper 
the platelet-count and increases the bleeding-time. 


of splenine. 
ich decreases 


Acetylcholine 
There is very suggestive evidence that during system ess both 
adrenergic (cf. above) and the cholinergic humoral mech as ae a 
active. This is somewhat reminiscent of the simultaneous conti cliel alien 
agonists and antagonists, among skeletal muscles, in preparation for a ff. 
to increase resistance against a blow, no matter where it comes from. a 


Allegedly traumatic injuries and anaphylaxis liberate more acetylcholi 
than can be inactivated by cholinesterase at the nerve endings. The ccna 
discharge of acetylcholine into the blood is claimed to produce systemic per 
which participate in the genesis of the shock-syndrome.*' “However this 
hypothesis still lacks confirmation. It has been noted that in various eam 
the parasympathetically denervated iris contracts during net but 
since this response is not blocked by atropine “‘it is doubtful whee acet ] 
choline is a factor’ in this phenomenon.*!* sf 


Following denervation of the facial and ocular muscles of rhesus monkeys 
(by transection of the facial, oculomotor and trochlear nerves) the paralytic 
muscle fibers become hypersensitive to acetylcholine and contract during 
emotional excitation, e.g., whenever the animal is angered or frightened. 
This has been called the ‘fright reaction”. The contraction so elicited is exactly 
simulated by small doses of injected acetylcholine.2"* “It is suggested that 
during fright there occurs a general discharge of the autonomic nervous system 
with a secretion not only of sympathetic-adrenergic hormone, but also of 
parasympathetic-cholinergic substance, acetylcholine, both of which enter in 
om “er ed defense mechanisms in time of emergency”’.*'® Samples of 
8 be armed aly apa during intense emotional upsets, allegedly con- 
hich i an cholinergic substances.”4® It contains abnormally 

gh amounts of an adrenaline-like compound when the predominating em 


tion is “anxiety” and acetylcholine-li owes 
tension’”’.2!7 ylcholine-like substance “during states of emotiona 


ee content of the brain also depends upon stress factors: 
uophge 7 rat, under anesthesia or during sleep, it is increased, while emo 
citement, electric stimulation and convulsions reduce it. Thus 


acetylcholine cont F 
of activity.27 ntent of the brain appears to vary inversely with the 
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laimed t } 

It has laimed — without confirmation — that cholinergic 
substances ed during papain-shock.?"* 

The mic fter intravenous injection of laked blood, lecithin- or 
cephalin-p! in the denervated iris of the cat, is not blocked by 
atropine 0 ntiated by eserine.*** 

Corticotro} rently exerts a rather important action on acetylcholine- 
metabolism resence of blood from patients affected by my asthenia 
gravis, the of acetylcholine (which normally occurs upon addition 


is inhibited. Corticotrophin-treatment restores the ability 
ipport acetylcholine synthesis.**” 
1y inhibits acetylcholine synthesis in the rat; ACTH restores 


of choline- 
of such seru! 
Hypophysecton 
it to normal.”~' 
Histamine 


The view has repeatedly been expressed that injured cells release histamine 
into the blood, irrespective of the nature of the damaging agent to which they 
have been exposed. The subsequent flooding of the organism with histamine, 
or “histamine-like” compounds is considered by some investigators as at least 
one of the factors responsible for the effects that localized injuries exert upon 
distant organs.”*' It is claimed that the histamine-like toxic compounds are 
enzymatically liberated from directly injured cells and can secondarily cause 
systemic damage. (Cf. histamine theory of shock, pp. 88-89.) 

In this connection it should also be remembered that certain nerves are very 
rich in histamine-like compounds. There is much evidence to suggest that 
“histaminergic’’ nerves exist; they could produce this substance during excit~ 
ation, just as acetylcholine or sympathin is elaborated.?** 

Several investigators expressed the opinion that histamine-liberation from 
the tissues may be a characteristic and fundamental feature of the A-R- 
syndrome.*** 

Traumatic injuries may slightly raise the histamine content of the blood 
and many investigators believe this to play an important réle during the 
catabolic phase.**** The pertinent literature has been mentioned elsewhere (cf. 
Histamine in Shock, pp. 88-89). Suffice it to repeat here that the rise in blood- 
histamine is not sufficiently pronounced and constant to account entirely for 
the manifestations of traumatic shock.** However. this does not mean that 
here histamine-liberation does not occur, or is of no pathogenic significance. 

It has been claimed that in the dog, during experimental ileus large amounts 
of histamine are formed in the intestinal contents.22° This is of special import- 
ance in connection with the histamine-theory of the A-R since we showed 
that in alarmed guinea-pigs, oral administration of ds to 
intoxication. Presumably the c 
#8 Zacco and Pratesi B37 
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to histamine, absorbs this compound during the A-R 
formation.”**. 

Following burns an increase in the blood-histamine |: 
man “27 and in animals.228> The initial rise is almost invar 
decrease to or below normal levels. In view of this bip! 
understandable that, depending upon the time of the detern 
experimental conditions, stress may also cause a decrease it \-histamine229 

It has been especially emphasized that the appearance « ers in bene 
skin may be related to local histamine liberation “°° and animal experiments 
showed that moderate burns increase, while severe but diminish, the 
histamine-content in the directly damaged skin.?*! 

During exposure to extreme cold an increase in the plasma-histamine content 
was allegedly observed in the cat. This was ascribed to the ensuing tissue 
anoxia.”** ; 

The systemic manifestations of radiation sickness have been ascribed to 
the liberation of histamine or similar compounds by the x-rays but this view is 
chiefly based on inferential evidence." 

During anoxia the blood-histamine-level first rises and then declines again, 
in spite of continued exposure**4 This biphasic response is very reminiscent 
of other metabolic changes occurring during the first two stages of the G-A-S. 
Significantly the hyperhistaminemia, elicited immediately following treatment 
with other stressors (e.g., cold, morphine), has been ascribed to the resultant 
tissue-anoxia.?** 

In anaphylactic and peptone-shock the liberation of histamine has been 
clearly demonstrated in animals °° as well as in man.2*7 It is probable that 
here, as in various other catabolic reactions, protein-bound (inactive) histamine 
is liberated from cell-protoplasm and thus becomes active.?°8 

In the dog, the discharge of large amounts of histamine from the liver during 
peptone-shock could also be confirmed “‘in vitro”’.22® On the basis of observ- 
ations in man it has even been suggested ‘that physical allergy may represent 
a perversion of the alarm-reaction of Selye for which the release of histamine 
is the normal response to physical and emotional stimuli’’.**° 

Toxic doses of various drugs, e.g. morphine,”'' papain 242 or atropine 
allegedly also raise the blood-histamine content, roughly in proportion to their 
stressor action. 
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ACTH rai inary elimination of histamine (and histidine) in man 24a 
This may b to the anti-allergic and anti-asthmatic effect cf this 
hormone. (Ct ine, p. 261.) 

In rats, adr omy is claimed to cause a considerable reduction in the 
histamine-co! yme tissues with a concurrent rise in others. Allegedly 
this is assoc! h a diminution in the amount of histamine that can be 
discharged it blood by a subsequent A-R.*® 

Continuous venous infusion of very large amounts of adrenaline 
caused a cons! ble rise in the plasma-histamine of cats; 244 however, this 
led to lung edema hence the specificity of the reaction was in doubt. In man, 
adrenaline rap ily increases the plasma-histamine-concentration, as judged 
by direct estimations 245 and this can be inhibited by anti-histaminics, such as 
“antistit 4° Since adrenaline-discharge is a very characteristic feature of 
the A-R, histamine-liberation at this time may, at least partly, be due to the 
resulting hyperadrenalinemia itself. 

Following intravenous infusion of histamine, large amounts of this substance 
are demonstrable in the blood, but almost none in the lymph. This has been 
ascribed to the great histaminolytic power of lymph.**"* 


Heparin 


Allegedly, regular variations in the heparin content of the blood are quite 
characteristic of the G-A-S,24% but this has not yet been definitely proven. 

In anaphylactic and peptone-shock, considerable amounts of heparin are 
discharged from the liver into the circulation. This is accompanied by histamine- 
and fibrinolysin-discharge.*"* 

It is especially interesting in this connection that according to many invest- 
ators heparin pretreatment prevents or diminishes anaphylactic shock and the 
“Arthus phenomenon’’.*** This is consonant with the theory 2° that anaphyl- 
actic manifestations are primarily due to endothelial damage by the antigen: 
this results secondarily in fibrin-deposition throughout the vascular tree, but 
especially in the capillaries of the responsive organ(s), and eventually blood- 
sludging due to increased stickiness of the fibrin-coated endothelium. It is 
probable that other alarming stimuli exert similar actions. Yet parallel studies 
with various other stressors would be required to establish whether we are 
dealing with one of the manifestations of the G-A-S. 

A rise in the heparin (or “heparin-like substance”) content of the blood has 
also been claimed to occur in animals exposed to the ionizing radiations of the 
atomic bomb in the Bikini-experiment.°™ Indeed : r 
sidered to be the cause of the I a 
exposure to any ionizin: 
observation that, foll 
excessive quantit 


VARIOUS DEPRESSOR SUBSTANCES 
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time in the blood of the irradiated individuals. It will | ledie 

that total-body irradiation not only renders the blood in bie beet 

renders it thrombocytopenic and lack of platelets augm: comin also 

heparin.2** Hence, the available data do not prove that i i Hem to 

the plasma-heparin-level, but merely that the accompanyi: mbocg aaa 
ia 


raises heparin-sensitivity. 


Various Depressor Substances 


Kallikrein or padutin 7° are synonymous terms used to d ate a de 
sor substance found in the urine by Frey and Kraut.*** It car > be ee 
from the pancreas and disappears from the urine after pa itectomy = 
the basis of these observations it has therefore been assumed that kalliker % 
is a depressor hormone produced by the pancreas and eliminated in the a ay 


Its chemical structure and true hormonal nature have not yet be : 
z yet been defini 
established.*** mii 

Depressan (or “detonin”) is a hypotensive metabolite present in urine 
which unlike kallikrein is not destroyed by boiling. Its chemical structure 
and hormonal nature has not yet been established.?** 

Vagotonine is a name given by Santenoise *°* to an allegedly hormonal 
principle which can be prepared from pancreas; it stimulates the para- 
sympathetic system and causes hypoglycemia even upon oral administration. 
Its specificity is very doubtful.?°° 

Angioxyl is a hypotensive material extracted from the pancreas; it may 
represent a mixture of depressor substances, but differs from histamine and 
choline.?*° 

The “histamine-like substance” of Croxatto and de la Lastra 260 is a depres- 
sor compound found in plasma or serum; it has not yet been identified. 

4é . . ” . . “Le 

Resistine is a hypothetic antihistaminic substance, which is allegedly 
produced during the G-A-S and is claimed to account for much of the non- 
specific resistance that develops under stress.*°** 

Lymphogangline is a depressor principle present especially in lymph- 
nodes. It is possibly a choline-ester.?* 

4“ 

The Substance-P” of v.Euler and Gaddum is a vasodilator found espe- 
cially in the brain and intestine. It decreases the blood-pressure and increases 
intestinal peristalsis even after atropinization in the rabbit.** Its physiologic 
significance and chemical structure are not known. 
ae other i etree tissue extracts have been prepared and some of 

- ave even been given special names, but since their identity, and espe 
cially their participation in the G-A-S is dubious, it would not be rewarding 
to discuss them.?* ‘ 
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Leucotaxin and Allied Substances 


ide can be extracted from the skin of burned rabbits. 
yrmal rabbits it causes marked local edema and hema- 
to those elicited by scalding.?** Other hypothetical 
influence the blood-count during the G-A-S, have 
>re (cf. chapter: Blood-count). 


Leucotax! 
When inject 
tologic chanc 
metabolites 


been discuss‘ 
Insulin 
In patients died from various debilitating diseases, the pancreas was 
found to cont bnormal amounts of insulin.?** It remains to be shown 


whether this change Is related to the G-A-S. The effect of stress upon the 
structure of the pancreas and the interpretation of diabetes as a disease of 
adaptation, will be considered elsewhere in this book. 


Thyroid Hormone 


The concentration of radio-iodine by the thyroid and its distribution in the 
serum are markedly affected by adrenaline, trauma and typhoid vaccine in the 
rat. Adrenaline and adreno-cortical extract decreases the quantity of protein- 
bound iodine in the serum, even after adrenalectomy. Fasting and exposure 
to cold or heat resulted in a sub-normal concentration of radio-iodine in the 
thyroid. All these data were considered to indicate that stress exerts an 
important effect upon the production and discharge of thyroid hormones.*** 
Additional pertinent data will be discussed in the section specifically devoted 
to the thyroid. 


Folliculoids 


The urinary elimination of folliculoids is greatly diminished in patients with 
anorexia nervosa." This corresponds to the fall in 17-KS and testoid produc- 
tion characteristic of the resistant stage (cf. p. 225). Many other stressors 
diminish the production of ovarian hormones; 2° this is hardly surprizing since 


stress causes pronounced ovarian atrophy (cf. below). 


ENZYMES 


Because of the dominant réle played by enzyn 
vital phenomena, many investigators examined th« j 
enzymatic processes in the various phases of the G 


regulation of all 
Participation ot 


Proteases and Peptidases 


It was natural to suspect that the intense catabolic no 
during the stages of alarm and exhaustion, are probably d mena which occur 
activity of proteases and peptidases.’ ependent upon the 
Experiments on the rabbit led to the view that under the infl 
large amounts of proteolytic enzymes are liberated fro he apinctilly Di 
into the blood, since actual determinations showed a c oie : damaged skin 
proteolytic and peptolytic activity of the aes The ae rise in the 
es Sern bs apg demonstrable in serum, muscle, Pretiecres" ald 
Sits Ficus vio io ney or trauma to a dog's extremity this maeiatl 
on (call snmge in t «ae draining from the affected area. In other 
the serum ater ee nine ic ey was also demonstrably increased ia 
hak ieeran Saw as likewise been found in fluid collected from blisters 
Th . ‘ 
per eee eeeconient of human serum also rises after trauma 
the leueyighyeylglycine-f eaten stress.‘ In patients with bone-fractures 
taalacd eoamelantiy rant 1 “id amino-peptidase-activity of the serum increases 
anita sank 'n. ‘2 sie phase. Significantly the values return 
ako ani tise asd. pat alance is re-established.” Similar observations, 
related to the A-R.° e in dogs during tourniquet-shock, have bees 
An “anti-proteinase” 
excessive quantities cause wides ay a ata a th He a 
pe Corre i pertinent tein , systemic damage; 7 this must be t c 
e manifestati 3 
stressors. Tite Let 12 i Be psin-shock resemble those elicited by other 
into the blood may play a Lc onage age liberation of endogendlt he 
The tryptic activity of Sips réle in the genesis of shock in genera” 
Fibrinolysin, below). Ne asma is not necessarily of pancreatic origin \C° 
tissue of the pancreas disint ttheless, it may be pertinent that the exo 
phases of the G-A-S (cf a9 with extreme rapidity during the catabo" 
histolysis of the pancreatic . G-A-S — Pancreas), This sudden exter 
into the blood. due to the i i would most probably dis | 
cell-components. Thus the rane of trypsinogen, by cot 
ischarge of proteolytic en 
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area of direc cells, may participate in the spreading of injury to 


- A der on’ ” 
distant orga! \bderhalden’s “protective enzymes” below.) 


Following ge dose of ACTH, certain serum peptidases under- 
went a slight in: this was ascribed to adreno-cortical stimulation . 

ACTH in ic pepsin (and decreases intestinal lysozyme) forma- 
tion. It also epsin excretion, but the latter action is abolished by 
gastrectomy - 

Fibrinolysin is enzyme is also known as “plasma trypsin’, “lytic 
factor’) “ple or ‘tryptase”.1? It has been given special attention in 


G-A-S because this protease becomes manifest in the 
ions of stress and causes complete dissolution of the 
fibrin-clots produ: | by coagulation of blood or plasma. The characteristics 
of this enzyme nble, but are not identical with, those of pancreatic trypsin.”* 
Presumably plasma contains an inactive precursor “plasminogen” or (“pro- 
fibrinolysin”’) as well as active “plasmin” or (‘‘fibrinolysin”’). Both these 
compounds are associated with the globulin-fraction, but the active enzyme 
is normally neutralized by an inhibitor, antifibrinolysin (° antiplasmin") which 
is an albumin. Proteolytic activity may therefore result from various disturb- 
ances in the normal equilibrium between fibrinolysin and antifibrinolysin. 
These observations led to the discovery that the supposed fibrinolysin activity 
of certain strains of p-hemolytic streptococci is actually due to the elaboration 
“streptokinase”; this activates the inert precursor 


of a plasmin-activator 
“plasminogen” (present in normal blood) to the active form, namely plasmin 


(fibrinolysin). Thus the “fibrinolysin” of the bacteriologic terminology cor- 
responds to the plasminogen-activator of the nomenclature used in blood- 
14 Here we shall use the term in this latter sense. We 
ly because it clearly indicates the ability of this 
omenon which ~ as we shall see — is 


connection W! 
blood under 


coagulation studies. 
prefer it to other synonyms on 
enzyme to dissolve” fibrin, a phen 


especially important during the G-A-S. 
In connection with the mechanism responsible for the rise in plasma- 


fibrinolysin activity during the A-R, it is noteworthy that the anti-fibrinolysin 
content of the plasma shows no change during tourniquet-shock in dogs ad 
and is irregularly influenced, or actually increased, in various spontaneous 
diseases of man.!* This suggests that lack of anti-fibrinolysin is not involved. 
Yet there is the clotting-defect often observed during conditions of stress. It 
is known that after the action of fibrinolysin, thrombin no longer causes the 
blood to clot because there is no more fibrinogen. When normal blood clots 
it does not undergo fibrinolysis: however, in a variety of conditions conducive 
to systemic stress, although the blood clots after shedding, it subsequently 
becomes liquid again due to the activity of thisenzyme. ie a 

MacFarlane 7 concluded from | per : 
(fibrinolytic) activity oc 
variety of disturbing 
violent exercise and | 


ct 
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of the other stimuli mentioned, suggests that activa 
system of the blood is part of the alarm reaction’. Proteolytic 
Such fibrinolytic activity has been demonstrated afte t with 
doses of peptone (“‘peptone-shock’’),"* kallikrein,® typ ine.20 toxic 
aline2! mercurial diuretics,*? during excessive musculat ¥ _adren. 
injuries,** hemorrhagic shock and extensive burns,*° tox« ode reuMatic 
fear ** and other stressors.”* hl 
In the course of the recent World War efforts wei » te 
cadaver-blood for transfusion, Here it was noted that | whe Ae 
sudden death (hemorrhagic or traumatic shock, medical s/ >t.) a e 
blood which underwent rapid fibrinolysis, or was entire! quldeie ded 
to the absence of fibrinogen.” Conversely, men dying fr ronic ae ale 
showed no lysis of the clot.* ‘ "ae 
Allegedly, in anaphylactoid conditions, both histamine and hepari 
released from cells due to the action of fibrinolysin.*? aide a 
It is interesting to confront the incoagulability of the blood characteristically 


occasioned by certain types of systemic stress (e.g., peptone, anaphylaxis 
x-irradiation, nuclear-fission products, the Waterhouse-Friderichsen syndrome! 
with the increased tendency towards the formation of fibrinous, “‘fibrinoid” 
and “hyalin” deposits in the cardiovascular system (post-operative thrombosis 
coronary thrombosis in clinical medicine and widespread thrombosis and hyalin- 
osis following DCA- or LAP-overdosage in animals). Perhaps during systemic 
stress the formation of fibrin and its dissolution by fibrinolysis plays a prom- 
inent réle.*"* It could lead to incoagulability or increased coagulability of the 
blood, depending upon the relative predominence of one or the other among 
these opposing factors. During fibrin-formation, vasopressor hypertensive 
substances (‘‘serotonin”) appear in the blood. Hence, the constant widespread 
formation of fibrin throughout the vascular tree (even though it occurs only 
in microscopic amounts and is immediately followed by fibrinolysis), may 
perhaps contribute to the genesis of hypertension during the G-A-S. Thus, 
in some cases, vasoconstriction and a rise in blood-pressure could be looked 
upon as a by-product of an “increased fibrin-turnover’’. 


Hyaluronidase 


Whether the G-A-S causes any characteristic changes in hyaluronidase 
(mesomucinase, Duran-Reynals’ spreading factor) activity has not yet been 
definitely established, but several facts suggest this to be the case. (CE. also: 
Absorption, Serous Cavities.) 

Hyaluronidase has the property of depolymerizing hyaluronic-acid. The 
latter is an integral part of connective tissue and inter-cellular ceme 


18 Jaques et al. 98542/47, 21 MacF B26947/46 
if B26910/05, B26934/38, acParl a ee , 
Rocha e Silva B2174/47, 2 ae pi eee. 
Rocha ¢ Silva and Teixeira B2058/46, ie 
Scroggie et al. B4341/47. 
19 Westerfeld et al. B423/44. 
20 Ham B26909/46. 29 T, 
21 pen, _ al. es 20 
arlane Biggs B38711/48. 
22 Wexler and Ellis Bou ° 
23 Biggs et al. B26948/47, 
MacFarlane and Biggs B38711/48. 
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stances It « ially in significant quantities within synovial fluid, 
aqueous anc iors, Wharton's jelly and skin. It is also found in 

treptococci. Under pathologic conditions, hyaluronic- 


in fluids derived from inflammatory processes, but 
irs, due to the action of hyaluronidase.” Hyaluronidase 
1 inactive form in the skin. It also occurs in the testis, 
bacteria, poisonous insects, leeches and snake-venoms. 
tion of the gel-like hyaluronic-acid in connective tissue, 
the spread of intradermally injected particulate sub- 
stances (e.g-. | dyes, bacteria, viruses).** Because of these properties, 
it has been co! d possible to participate in the pathogenesis of so-called 
ises (lupus erythematosus, scleroderma. rheumatic fever) 


diffuse collagen 
linosis which we produced Sah, piness, Lanes DCA or the 


and in the hyalino 
endocrine kidney.”” It is of special interest in connection with its effects upon 


. « x sls . 35 
the vascular system that hyaluronidase also increases capillary-fragility: 
this is presumably again due to liquefaction of cement-substances. 


Significantly, normal sera and those of individuals suffering from non- 
bacterial diseases inhibit the action of hyaluronidase, while those of patients 
with infectious diseases (rheumatic- or typhoid fever, streptococcus- OF sta- 
phylococcus-infections, tuberculosis, pneumonia) augment its effect.*® 

Inflammatory and anaphylactic phenomena are characterized by the swell- 
ing of connective tissue. A similar effect can be produced in vitro by histamine, 
in concentrations which may occur in vivo. In therapeutically employed con- 
centrations, salicylates do not prevent the swelling effect of histamine upon 
the collagen-fiber, but they induce the swollen fiber to discharge the absorbed 
liquid. From this it was assumed that sodium-salicylate would probably have 
an anti-histamine effect in rheumatic diseases. Yet hyaluronidase does not 
produce swelling of collagen-fibers and sodium-salicylate, histamine or anti- 
histaminics fail to influence the viscosity-decreasing effect of hyaluronidase.** 
The failure of in vitro inhibition of hyaluronidase by salicylates has been 
confirmed, but it was pointed out that the enzyme reduces both the spreading 
action” and vasotoxic effects of snake-venom, as well as the action of histamine 
on capillaries.*® = 

With respect to the interpretation of the diseases of adaptation, it is 
interesting that antibodies to streptococcal hyaluronidase occur in the au 
of patients suffering from rheumatic fever. Indeed the anti-hyaluronidase 


titer showed better correlation with changes in the activity of the rheumatic 


infection than did other tests’ .*° 


Potent hyaluronidase-inhibitors (e.g. 
influence the course of x-irradi S 


the spreading factor, h: 
of this disorder” .** 


acid is initi< 
subsequently 
is believed to 
eye, certain f 
Owing to dey 
this enzyme ° 


DOPA, sodium-gentisate) fail to 
' c that 


ae See SA 
eS er 
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suggested that heat ‘may play a role in stimulating the a: id th 
a decrease of the permeability of the ground substaz Mt US Cause 
; : ie ce 
corticoids exerted a similar inhibitory action (cf. below Gluco. 
Morphine and adrenaline were found to restrict the : 
"J action of 


hyaluronidase in animals.** 
Anterior-pituitary extracts exert a similar effect." 


| 


the mechanism through which the G-A-S might influenc ae Seating 
was produced in rats with formaldehyde-injections in the a fe 
the spread of India-ink mixed with hyaluronidase an ata Here, 
taneously, was also restricted by the stressor agent, but a oe 
not influenced by adrenalectomy ‘and consequently it did 1 le eae - 
adrenocortical-lymphatic tissue reaction to injury"! Yet, it ld hi ae te 
due to G-A-S-changes which are not mediated through the mea sg 
In the mouse, the intradermal spreading of India ink (mixed eith i 
saline or with hyaluronidase) is inhibited by adreno-cortical exit “ a, 
inhibition is obtained both by intraperitoneal injection and by diced a 


en administration of the extract mixed with the India ink. Converse] 
a renalectomy greatly enhances the spreading of India ink and this effec 
’ counteracted by intraperitoneal adreno-cortical extract treatment." Cor 
gt to a lesser extent, Kendall's compound A, exerted a similar effect 
rhile testosterone, estradio] benzcate ' 
boating , progesterone and pregnenolone were 


ceeeaorned similar inhibition of spreading was observed in intact rabbits 
ys “ = adreno-cortical extract.‘*° It is noteworthy that a comparable 
re bo pronounced, inhibition of spreading by corticoids has also been 
obtained in the above experiments if the India ink was i i 

“nc Aa as not mixed with 


= asc age chee on the urinary bladder of the rabbit, showed that 
further deena ay CA, bart through this membrane. This increase was 
af tWe gabbite to a in ata Ut inhibited by adreno-cortical extract or exposure 
Saati gee: stimulus (colchicine) before the test. ‘The pro- 
impermeable ev ‘td ae the alarm-reaction rendered bladder membranes 

en in the presence of hyaluronidase”.** Cortical extract of 


cortisone also diminish the ili it’ 
i og + og theses permeability of the rabbit's synovial membranes in 


Amylases 


Th re 
of Snarlaighictn: tes of the plasma is likewise increased under the influence 
has been considered ' taka na burns and traumatic injuries.” This 
DEMME TGA hitch ee of the hypet- 
Ge vee divsadcnd) by - Recent observations led to the suggestion that “in 
eck sean Reagan the normal barrier, with excludes amylase. 0 
biatins teen 0 ' , which inhibits amylase activity, might be disturbe 

liver glycogen would then be broken down through this abnorm® 


payee Opal 

an nie. ‘ 
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ay as hosph lysis Since ; 
pathway 5 phosphorolysis. Since only the normal portion of 
yivsi wou > o, 
ysis would be subject to control by insulin, this 


the combine 


could accour nsulin resistance which occurs in conditions 


systemic 


of : 
Cholinesterases 


Because o! rtant réle played by the vegetative nervous system 
during the ¢ tudies concerning cholinesterase activity in systemic 
stress are O! terest. Unfortunately, up to now only few relevant 
observations ! made and even some of these are difficult to evaluate 
since, until quit ntly, no distinction had been made between true- and 
pseuda-cholin¢ ictivity. However, although only the former attacks 
acetylcholine directly and in great dilution, even the latter may exert an 
important effect upon nervous activity. Thus it was found that drugs, which 
inhibit the action of pseudo-cholinesterases, diminish the effect of carotid- 
nerve-stimulation upon the blood-pressure.4™ In evaluating early observations 
it may be well also to keep in mind that only the pseudo-cholinesterase-content 
of the blood is subject to important variations during systemic stress. 

It has been found in guinea-pigs that inoculation with cultures of B.pestis 
lowers the cholinesterase activity of the blood, but this returns to normal if 
the animals survive. In one additional experiment in man, a large dose of 
Haffkine’s plague vaccine also lowered plasma-cholinesterase activity, with 
return to normal upon clinical recovery. The authors state: ‘there is no reason 
to suppose that the lowering of cholinesterase values of blood are specific to 
plague infection’.** Experiments in the rat led to the conclusion that the 
“non-specific effect of operations, such as ovariectomy or even simple laparo- 
tomy, result in a rapid, immediate fall of serum cholinesterase activity’’.*® 
These observations and the fact that in dogs during traumatic shock eserine 
causes a precipitous fall in blood-pressure, led to apparently successful 
attempts of treating traumatic shock by the intravenous injection of cholin- 
esterase in the dog.® Incidentally, in other animals and in man, traumatic 
shock also diminishes the cholinesterase activity of the blood.*" 

A fall in serum-cholinesterase has been noted, furthermore, as a result 
of exposure to anoxia,*”” after injection of ovalbumine,®”’ and as a result of 
various severe organic diseases (cancer, tuberculosis).*%* On the other hand, 

during anaphylactic shock and in certain experiments with shock-producing 
doses of proteins or histamine, the results were inconclusive or negative.*”* 

Forced muscular exercise has been variously reported to cause no change 
or a sudden and pronounced increase in serum-cholinesterase.* Because of 
such discrepancies it is difficult to evaluate pertinent Du uf- 
ficiently suggestive to warrant more syster 

cholinesterase during the G- 7 

Hypophysectomy causes 
level in rats. Treatme 


* 


= 


eran 
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pseudo-cholinesterase level even in the absence of the 
was concluded that the pituitary is not an essential lin 
diminution of plasma-pseudo-cholinesterase by thyroid-h: 


+ Hence jj 
aracterist;. 


A comparative study of true- and pseudo-cholinest n the 
brain and muscle of intact and adrenalectomized rats lan Serum, 
oe sae ane marke, 
deviation from the normal in either group following inten Hee arked 
ov is cular work 


Only in the muscle itself was there a slight increase in ch 

in the adrenalectomized group. Although this change we ronou 

was felt that “it does suggest again that in some way or o 1euro nate 

transmission is impaired in these animals’.** In a recent e oe 

this subject, it was stated that in rats “the effect of adrenal Ly ani Gael 

individually or combined, on brain-tissue does not consiste change — 
er 


rase- activity 


the choline-acetylase or co-enzyme levels’.*° The only published abstract 
this work unfortunately does not mention the kind of stressor used ‘4 
Under various experimental conditions adrenaline can potentiate the action 


of acetylcholine; allegedly, the former may increase the synthesis of the latter 
It has also been shown that adrenaline inhibits the hydrolysis of acetylcholine 
by true- and pseudo-cholinesterases in vitro.°° The adrenergic discharge could 
thus influence cholinesterase-activity. ; q 
hice 8 will have to be done to establish definitely whether the hypo 
physis-adrenal-system is necessary for the normal regula ic i ; 
ysi ation of c - 
activity during the G-A-S. : wg 
- The inactivation of cholinesterases by D.F.P. in dogs, resulted in no 
aha abnormality in heart-rate, blood-pressure, peristalsis, salivation, etc., 
—— wigs oi = es oe acetylcholine was enormously increased.” It 
ains to be seen how D.F.P. influences the activi ! i 
Pi s ity of - 
mechanism during stress. gheamaper a 
In patients with i i 
: ogre — Fe re “fey eeorans the plasma-cholinesterase level 
— y high, there being a direct relationship between it and the 
ee veep itself. These patients are claimed to respond with a sub- 
Sone er 1 hoe kek on erably prostigmine injections and this was 
a ° ; e latter's inhibitory action upon cholinesterase.®* Such obset- 
re of great interest in connection with the interpretation of hyper 


tension as a disease da tion t th firmation on a larg 
of a pta 10n, bu y i 
ey require con 


Phosphatases 


A detailed systematic study concernin 
phe g the effect of the A-R upon the 
Fh genase alkaline phosphatases led to the ere that 
pred oad abel tissues of rats during systemic stress (cold, formal- 
co nae ep Novant The most pronounced and characteristic rise 
geet gna mg the lung and throughout the reticulo-endothelial syst™ 
ir: eens eo. 4 and cell-membranes become especially prominent * 
= ine wit methods for the demonstration of alkaline phosp 
is response is apparently characteristic of the A-R, but its 


A LS rey 


%° Hawkins par Nishik: 

meray 27% 9 hail 
85 Greenberg B32756/49. 
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remains prc nce phosphatases participate in so many physiologic 


functions.” 
Severe X-! 
the plasma 
js not know! 
phatase conté 
villi tends to 
In rats 9! 
content of th 
while that of 


auses a rise in the alkaline phosphatase-activity of 
but the mechanism and significance of this change 
- exposed to intense x-irradiation the alkaline phos- 


» spleen rises, while that of the kidney and the intestinal 


betogenic doses of alloxan, the alkaline phosphatase 
1] cortex, ileum and the male accessory sex organ falls, 
n, thymus, lymph-nodes and lung rises. “This differen- 
tial behavior o! arious organs suggests that alloxan does not affect the 
phosphatase Ss) through a direct action’.** It remains to be shown 
whether the above changes are due to an A-R elicited by non-specific stress, 
but this possibility should be considered. 

Hypophysectomy and purified ACTH decrease, while purified somato- 
alkaline-phosphatase in rats. The hypophyseal 


trophin increases the plasma- 
be concerned with growth and protein- 


regulation of this enzyme-activity may 
synthesis.°° 

Adrenalectomy diminishes the alkaline phosphatase content of the duode- 
Corticoids restore it to normal, but apparently 


Sef 


num and jejunum in the rat. 
this effect lacks specificity as it is shared by several other steroids. 

Cortical extracts reduce the frequently elevated serum-phosphatase-level 
in patients suffering from rheumatoid arthritis. At the same time there is 
symptomatic relief.®® 

As we shall see later (G-A-S > Kidney) in the rat, alkaline phosphatase 
disappears almost completely from the “endocrine kidney” after the oper- 
ation, while the acid phosphatase decreases only in total amount, not in 
concentration.” Here again the interpretation of the finding is impossible 


as yet. 

According to presently av 
phosphatase-content of the rat-kidney, 
opposite effect in the mouse."? 


ailable data, renotropic testoids increase the 
but appear to exert a diametrically 


Other enzymes 


Rather extensive investigations have been performed concerning the effect 
of hemorrhagic shock upon various enzymatic activities, particularly upon 
cocarboxylase,"? amino-acid-oxidase,“ lactic-dehydrogenase,"* cozymase “* 
and other enzyme activities in liver tissue and in plasma. It is not within 
the scope of the present survey to discuss all these observations in 
but it may be said that during severe shock many of it 
are inactivated and this may contribut e y : 

The possible réle of na 
also been considered.” Interes 
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part in ‘serous inflammation” — possesses co! ers. 
'Staminolys 
Ie 


power.*** 


The nearly complete disappearance of renal] arginas ng the " 
crine kidney” operation ™ may be related to the cessa ink a endo. 

Various toxic substances increase B-glucuronidase-a . Pits, 
other organs. Since this is true even after treatment Eee and 
to form glucuronides, the response has been conside: pela unlikely 
non-specific tissue-injury or repair.’ It may thus be est ie. with 
G-A-S. a A 


Hypertensin appears to compete with oxytocin as « 
cinase; hence the latter, like hypertensinase (cf. above) 
in the regulation of vasopressor reactions.°™ 


te for oxyto. 
ell Participate 


A particularly interesting pertinent series of observations is ¢ 
with the so-called “adaptive enzymes’. Enzymes of this type Pra tage 
formed by self-duplicating cytoplasmic units. It has been po sible to page 
an adaptation-stimulating principle from galactose-adapted veal 
bation with protein denaturants (such as urea) inactivates this sina ig 
vitro; these same denaturants also inhibit normal adaptation of See tt 
appears that enzymatic adaptation involves a modification in the as 
ponents of the cell. It is very tempting to assume that the weodites 
specific enzymes, which help certain defense-reactions, represents an im ed 
part of adaptation to particular agents. Such selective adaptation ae b 
clearly distinguished from the non-specific adjustments to systemic val 
as such, which characterize the G-A-S. Yet, adaptation, in most of its phases, 
is largely an enzymologic problem.*™* oe 


Rao imag f She mind the so-called “protective enzymes” or 
tion of extracts ‘ 4 f erhalden. Allegedly, after parenteral administra- 
to attack s ecifically Caceres ship pagal the blood acquires the property 
eulnaea 7 cally proteins of these same organs. Similar “protective 
pane Saige aR in the blood and urine of patients who suffer from 
enzymes can regen palit ug sne (e.g., endocrine glands, brain). These 
ak Bibasdtcpekor oh emonstrated in vitro by their ability to attack more of 
preriont hig loss eo eaten in question.” Perhaps such ‘protective 
enzyme-the re direc during the G-A-S, but unfortunately, the protective- 
ory has not received unanimous confirmation. 


“aCaristen et a B46629/49, 
*° Kochakian and Donti ; 
* Levy et al. B37530/48,” pati 
Hf ange B46580/ 48. 

einer piegelman B177 
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VITAMINS 


Vitamin-A 


The vita: yntent of the blood appears to describe a characteristic 
curve in th § various conditions conducive to systemic stress. 
Following a ' decrease to very low levels there is a rise. The former 
presumably c nds to the A-R, the latter, which coincides with clinical 
signs of recové to the stage of resistance. Such curves have been observed 
after traumatic operations,’ in pneumonia * and in a variety of other febrile 
diseases.* 

The hepatic stores of vitamin-A are not necessarily reduced during the 


acute stage, hence it was assumed that the initial hypovitaminemia is due to a 
shift of vitamin-A into the liver; allegedly, from here it cannot be mobilized 
during acute stress, but is discharged into the blood at the time of recovery.‘ 
The probable relationship of this change to the G-A-S is suggested by the 
conclusion that: “the hypervitaminemia A is not specific for any one disease 
and it could just be an unspecific reaction of the body to a previous hypo- 
vitaminotic phase, without any relation to the nature of the disease...””.* 


Thiamine 
Characteristic changes in the thiamine-content of the tissues ° and plasma * 
have been noted after hemorrhage, but pertinent data are not yet sufficient 
to venture any specific statements concerning their relationship to the G-A-S. 


Muscular exercise diminishes the urinary excretion of thiamine and increases 
n® This may be a G-A-S change. but studies with 


thiamine-tolerance in ma 
alization were 


several other stressors will be necessary before such a gener 
acceptable. 


Riboflavin 


Riboflavin excretion was not affected during the catabolic-phase in men 
who sustained traumatic injuries in convalescence, but when the N-balance 


became positive there was marked riboflavin retention.” 


Nicotinic-acid 


When nicotinic-acid is given by mouth, it i 
the liver. If nicotinic-acid is nistered 
the aminizing capacity of thi 

vaso-dilatation. This 


et 


a 
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test” to determine the aminizing power of hepatic tissu ee 

phase elicited by a variety of diseases, the aminizinc a Catabolic 
diminished as judged by such tolerance-tests..° Du: , © liver j, 
catabolic phase the excretion of N-1-methyl-nicotinami ‘St-traumatic 
teristic change in man.” * NO charac. 


Ascorbic-acid 
Special attention has been devoted to changes in as: lan : 
during the G-A-S, because of the previously mentioned ber : vl ree 
by ascorbic-acid-treatment during certain stress-situatior Rese tained 
Ascorbic acid, p. 79). The importance of this vitan bee < 
further emphasized by the great variations in the ascorbi: cane Mok 
adrenal-cortex which occur during the G-A-S. (Cf. G a Fe of the 
It should be kept in mind that according to one theory, t hief Pine 
ascorbic-acid is the production and maintenance of intercellu wa suka 


and that the tensile strength of healing w i egedly i 
= lk ar Nae g g wounds is allegedly increased by 

It is apparently characteristic of the G-A-S that stressors augment th 
ascorbic-acid requirements of the body. On the basis of an extensive revi : 
of the literature and personal investigations, it has been concluded that "i 
given in large doses, almost any drug causes a mobilization of vitamin-C 
from the cells during the first pharmacodynamic stage. This mobilization 
manifests itself by a transfer of this vitamin to the adrenals and the kidneys 
sometimes the spleen, while the other organs such as the liver, lungs iat 
brain, generally react with a diminution in their ascorbic acid content ade t- 
ation itself to drugs may depend upon this factor’’."* Bai 
ae ascorbic acid tolerance may be increased ™* or decreased 1%” during 

In order to correlate such observations with the G-A-S-concept, it is essential, 
however, to take the time-factor into consideration. This was done in exper- 
iments on rats submitted to surgical trauma, barbiturate anesthesia, cold, fasting 
and foreign-protein-administration as representative alarming stimuli. “In all 
experiments the response of the plasma-ascorbic-acid assumed the typical 
triphasic pattern, characterized by an initial, marked decrease, followed by a 
rapid increase to above-normal levels. The intensity and duration of these 
changes were apparently related to the severity of the stress. In the final 
stages a progressive decline ensued. This type of response is similar to that of 
other metabolites during the general-adaptation-syndrome.” *® 

During traumatic shock there is a transitory fall in plasma-ascorbic-acid. 
At the same time the urinary elimination of ascorbic-acid is greatly diminishe 
following its oral administration in man! or intraperitoneal injection in the 
guinea-pig.’? This increased tolerance was considered to result from 4? 
increased need for vitamin-C. This change is of such magnitude that it 
can hardly be ascribed exclusively to increased local utilization of ascorbic- 
acid by the directly injured tissues. 


-“ 


20 Erdei B18506/48, : a jae 
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In fatal on 10ck the ascorbic-acid of the liver fell to low levels, 

while that © rose up to six-fold the normal value in the rat.’® 
I rit 1 7 tr > \ 

After burns "y high (700 mg./day) amounts of ascorbic-acid 
can be given rally without causing any noteworthy elimination 
of the vitamin urine.” 

Following § cold the ascorbic-acid-content of the tissues (not 
only of the a even that of the kidneys, liver, etc.) decreases in 


in those w hich are unable to resist exposure. Con- 

> of resistance to cold, both guinea-pigs and rats 

ints of this vitamin in their tissues. The guinea-pig, 

to synthetize this vitamin; hence in the former, ascorbic- 

ed exogenously to demonstrate increased storage during 
pecies, however, there appears to be a direct proportion 
ic-acid content of the tissues and the degree of resist- 
Significantly, upon exposure to cold, the urinary 


is increased in the rat and decreased in the guinea- 
the 


not-adapted at 
versely, during 
retained excess! 
unlike the rat, is 
acid must be adm 
adaptation. In bot! 
between the asc 
ance to low tempe! ture.7? 
elimination of ascorbic acid 
pig! These changes have been conzidered to be characteristic of 
G-A-S.*"* 

Various infections 
G-A-S-changes in ascorbic 
soma hippicum, the liver, sp 


and intoxications with microbial products, elicit typical 
-acid-metabolism. In rats infected with trypano- 
leen and adrenals showed significant decreases in 
reduced ascorbic-acid-content. The dehydro-ascorbic acid concentration of 
the muscle was increased slightly and both dehydro-ascorbic- and reduced 
ascorbic-acid-concentrations rose markedly in the plasma.”* 

injections of diphtheria-toxin 
a, adrenal, liver and kidney.” 
ith diphtheria- and with 


In guinea-pigs, receiving a complete diet, 
diminished the ascorbic-acid-content of the plasm 
As regards the liver, this has been confirmed both w 
tetanus-toxin.** 

In view of the previously m 
production, it is interesting that, 


of the blood shows typical 24 hr. varia 
and a minimum in the morning. However, since fasting prevents these 


diurnal variations, they are apparently related to the food-intake itself.** 

In undernourished rats the ascorbic-acid-content of the liver is diminish- 
ed; °5 in man, undernourishment, and especially lack of vitamin-A, allegedly 
also augments ascorbic-acid requirements, particularly if much muscular 
exercise is performed.2* Various infect-ous diseases diminish the plasma- 
ascorbic-acid content and elicit certain signs of scurvy, while the urinary 
elimination of this vitamin rises above normal. 

Hypophysectomy causes a marked and prog) 
level of ascorbic-acid in rats. At the 
Prevents the plasma-ascor 


entioned diurnal variations in corticoid- 
in rabbits, the ascorbic-acid-concentration 
tions, with a maximum at midnight 


at 2 
3, Portier and 
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a ‘bic cid-level in hypophysectomized animals ; 
ascorbic-a asma-ascorbic-acid in the rat ; 


idence that the pl is r 
he activity of the pituitary-adrenal system .° 
teworthy effect upon the concentratio 
in other tissues (¢-9+ liver, kidney, muscle, lymphoid organ: 
Reports concerning the effect of ACTH and adrenocortica| 


animals are difficult to evaluate.” | | 
It had been claimed that adrenalectomy fails to influence 
concentration of the plasma and urine in cats.2° However. ; 
investigations show that, at least in the rat, a marked fall in 
acid follows ablation of the suprarenals. Furthermore, adren 
the characteristic plasma-ascorbic-acid-response, normally 
(cold). Conversely, treatment with an adrenal-cortical ext 


additional ev 


nected with t 
trophin exerts no no 


‘aSMAa-ascorbic. 


omy prevents 


‘ted by stress 


ct raises the 


plasma-level of this vitamin even after suprarenalectomy.*” Adrenalectomy 


prevents the rise in plasma-ascorbic acid normally produced 


by adrenaline 


in the rat.*! Pantothenic acid, which exerts a life-maintaining effect in 
adrenalectomized rats, diminishes their urinary loss of ascorbic acid.32 

Thus available data suggest that the plasma-ascorbic-acid varies durin 
the G-A-S, describing a curve similar to that of the blood-sugar. Appareuti, 
in both cases the gluco-corticoids are required for the rise characteristic of the 
counter-shock and resistance phases, while the fall seen during the shock 


phase is associated with a relative corticoid deficiency. 
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already been mentioned in connection with 
is an index of blood-volume-changes (cf. 
d in our discussion of iron-metabolism (cf. Iron 
nal data will also be found in subsequent sections 


marrow and the reticulo-endothelial system (cf. 
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Some pertinent 
hemoglobin-determ 
Water balance, Pp. 

A ?\ 
metabolism, P. 202 
on the blood-coun! 
GAS? Hemopoi: >m). 

An increased rat -rythrocyte-destruction, and secondarily of hemo- 
globin-decompositio: rather characteristic of various types of systemic 
stress: it is especially pronounced after burns, Here it is customary to dis- 
tinguish two types o! red-cell-damage: that caused by heat itself and that 
secondary to the resulting systemic stress.1 Decomposition of erythrocytes, with 
the formation of pigment-granules, has been observed in burned dogs as early 
as 1868;2 it was ascribed to the direct effect of heat. Subsequently, numerous 
observations on experimental animals and man confirmed that within the first 
36 hours after burns, there is granular disintegration of erythrocytes, with 
subsequent hemoglobinemia and urinary elimination of hemoglobin and its 
derivatives. While this process is under way, precipitation of blood-pigment 
or myoglobin-derivatives within the renal tubules may lead to severe com- 
plications (cf. G-A-S — Kidney). 

Exposure to cold causes marked hemoglobinuria in sensitive individuals. 
This is generally referred to as “‘paroxystic hemoglobinuria a frigore”’.* In rats, 
sensitized by unilateral nephrectomy, NaCl and a high-protein-diet, hemo- 
globinuria is likewise common,® but the relationship of the latter phenomenon 
to that seen in man, has not yet been examined. 

Total-body-x-irradiation, which depresses erythropoiesis, causes a tran- 
sitory rise followed by a complete cessation of hemin-synthesis. This was 
demonstrated in rats given labelled (C'*) glycine, an amino-acid which is 
incorporated in hemin.* In various species there is a significant increase in 
bile-pigment-elimination, indicating that radiation-anemia is in part hemolytic 
in nature,? 

Various types of malnutrition and undernutrition likewise cause erythrocyte- 
Mir ah Ra with consequent hemosiderosis 0 o-endothelium, for 
Stance, in the spleen.8 From si 
Pigment-deposits stored 
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iti i é ae | I 
), Yet, fairly severe undernutrition in a 7 9 tily accom. 
syndrome). ) ate decrease in blood-hemog lobin." Stud ith labelleg 
panied by a signi ls arvation inhibit 


e that, in the rat, st 


ine indicat  D-Synthesig 

ie, cameleon Thus its effect resembles that of x-i tion,12 = 
after a -drugs cat . ory m irks 
Various chemicals, especially the salfa-deags tend to ca Phyrinuria VARIOUS OTHER SUBSTANCES 


, anili lead-salts ; 
in man, This effect is also shared by aniline, le Many othe, 


a 2 dent upon erythrocyte ucti d P : 
compounds.” It is largely cee Ee isient of porph nem but A decrease in | en-content of venous blood is a characteristic mani- 
systemic stress may also play a 6 ; ¢ abolism, tation of shoc arterial oxygen-saturation tends to remain normal 
Various diseases, conducive to medical shock, raise the is index’ 33 ae shortly befor The decrease in oxygen-saturation usually becomes 
. i n / cn s \ oh 
This may well be related to their eee = ae : obvious first in the if the extremities, then in the portal, hepatic and renal 
In senile individuals, a brown wear-and-tear ee © so-called veins; the blood « om the brain preserves its oxygen-content longest.” 
“ Abniitzungspigment”” of the German investigators) is often p!| ul in heart. Presumably, the bo compensatory mechanisms are most adequate as 
and liver-cells. Small amounts of it are normally present 1 ies Organs, regards the maintenance of oxygen-supply to the nervous system which is 
The pigment is generally considered : be a lipochrome, an n-free lipid- particularly sensitive to anoxia. (For COs, cf. chapter on pH changes.) 
ini ivati in. its name suggests, it is : ; 
containing anne : Seva epee * Satine a a 4 In patients in whom artificial fever was produced by pyrogens, there was 
} by-product of metabolic er Be cote al exh; * ne tear; it a marked increase in the urinary elimination of histidine; then followed by 
may be related to changes c ct aS ea Sa a bh il a a secondary fall as the fever began to abate.* (Cf. Histamine, p. 241-243.) 
normal he n level j : ; 
ii The orbit = es ih ae Sk a8 a nid 4 + 1 level in rats, Allegedly a fall in the reduced glutathione of the blood occurs regularly 
i though under conditions of stress, st ian i me injection, they may in man following surgical interventions especially if they are severe and 
' play some r6le in preventing a drop in the level of hemoglobin that might ly tolerated.* These data require confirmation. It is especially note- 
; otherwise occur’. yey . Cae ae : Z SP Aine 
‘ Sh J worthy, however, that dietary depletion of the blood-glutathione sensitizes 
In rats, receiving large doses of cortisone, the macrophages of the spleen and the rabbit to the diabetogenic action of alloxan and uric-acid.*® (Cf. Diabetes, 
F : g 
liver, as well as many convoluted tubules (lumina and cell bodies) in the kidney, below.) 


are often loaded with brownish pigment granules. These are presumably derived 


from hemoglobin, '® The possibility that endogenous guanidine-intoxication may play a réle in 


the pathogenesis of “‘azotemic syndromes” has been considered.® There is 
no proof of its participation in the G-A-S, but it is suggestive that guanidine 
possesses a definite, hypertensive action and that an increased blood-guanidine 
concentration has repeatedly been reported in clinical and experimental 
hypertension.? 
Pyrexin is the name suggested for a pyrogenic factor associated with the 
euglobulin-fraction of inflammatory exudates. It is allegedly not present 
Seana in normal serum, but appears in the blood during inflammation and hemolysis.* 


Incompletely characterized toxic substances have been claimed to occur 
in the thoracic-duct-lymph following experimental crush-injury and other 


: types of trauma.® This observation is frequently quoted in support of the 
toxic theory” of shock (cf. p. 87). During the A-R (muscular exercise. 
I ire various substances (adrenaline, histamine), which could not pass 


Tough the normal intestinal epitheli 
ferated gastrointestinal tract. From 
absorption into the blood of to ul 
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.s connection the “reaction of ae. ne a should also 
S A 4 > ' : s 
In this a If thionine and ammonium-mo!y et mi he dye 
be mention this reaction is not inhibited by normal urine pinal fluig 


recipitated; t : 
cee in a variety of diseases, 


ability to prevent this precipitation. 


both urine and spinal fl icquire the 


Pipe Dessadio thought the reaction METABC DISEASES OF ADAPTATION 


could help the diagnosis of individual diseases, eres. it oon recog. 
nized that the “phenomenon of inhibition te Soe ‘ ‘ Particular This chapter \ il th those diseases of metabolism in which a derange- 
malady, but occurs in numerous ogee a Pisin i. er injuries, ent of adaptatio ic stress has been suspected to play a major réle, 
Subsequent investigations suggesitr Ra acids eeanided. a ne the in reading these | ould be kept in mind that they are written at a 
polypeptide * or albumin” conten nderlying “ne when the cot the diseases of adaptation is just beginning to take 
chemical mechanism remains pease : ie e. It is alread vident that hormones whose production is influenced 
In some manner the phenomenon appears to be associated : the G-A-S, , tystemic stress | interior-pituitary hormones, corticoids) exert impor- 
It has been considered to be an objective indicator of fatigue “rmidungs- a actions upon n lism and that derangements in their production may 
reaktion”) and was found to become highly positive after mus: exertion, ause metabolic dise: On the other hand. it is still very difficult, at present, 
in psychotic patients who respond poorly to metrazol-shock therapy ™ and <3 delimit those metabolic derangements in which maladaptation to stress is 


after surgical trauma." 

The relationship to the G-A-S of all the above-mentioned metabolic changes 
is not clearly established, but their occurrence under the influence of systemic 
stress suggests that they may participate in this syndrome. 


the major factor, from those in which the G-A-S is merely superimposed upon 
a specific metabolic disease which elicits the G-A-S as an incidental by-product 
of its systemic stressor action. 

In view of these uncertainties, we shall make at least brief mention of all 
those metabolic diseases which have specifically been discussed as possible 
diseases of adaptation. 

Diabetes mellitus. — A few years ago, we envisaged the possibility that 
IA, diabetes mellitus may be a disease of adaptation.’ Since that time, a good 
‘ deal of evidence has accumulated in support of this view. 


Many pertinent experimental data have been surveyed in the preceding 
a section. Let us merely mention here that during the stage of resistance, animals 
‘ tend to exhibit a ‘diabetic type” of glucose-tolerance curve and become rather 
insulin-resistant.2. Furthermore adrenalectomy, or compensatory atrophy of 
the adrenal-cortex produced by a mineralo-corticoid (such as DCA), interfere 
with the normal hyperglycemic response to stressors and tend to cause hypo- 
glycemic responses during the G-A-S.* On the other hand, adrenalectomized 
animals given maintenance doses of cortical extract, respond to stressors 
(e.g., trauma, typhoid vaccine) with the normal hyperglycemia.‘ From this 
it was concluded that perhaps “anterior-pituitary hormone which inhibits 
the hexokinase reaction is secreted in increased quantities during infections 
and stress, and that the hypersecretion of this hormone causes decreased 
glucose utilization and hence an exacerbation of diabetes”.® Observations of 
this kind convinced us that the hyperglycemia of the 
merely a direct consequence of increased orticoid 
“pon a peripheral synergism en th 
Produced during system 
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ihe peated ~d rats, actually diminished their glycosuri espite the 
-reatectomizea fate, at Sevier. as : ; 
ee. adreno-cortical enlargement. Elowever, a explained 
i ‘ 


accompanying ements; hence we canno 
above, stress 


requi nclude 
augments glucose requir dere 
this observation that, und 


er other conditioning circumstanc: could not 
It of a prolonged ACTH dischar, Here, pres 


iabetes as a resu 
aggravate diabetes as IES Ree e, pl 
. ably the availability of glucose or its precursors (gly Protein) 
sumably a ) ‘ 
determine the end result. ee i! 
Among the pertinent clinical data, let us mention first, that h orticoidism 
(e.g., adreno-cortical tumors, Cushing's disease) tends to | ice insulin 
resistance because the gluco-corticoids antagonize the action o pancreatic 


Since stressors increase corticoid production, it is ficant that 
arked adiposity, essential hypertension,® malig hyperten.- 
advanced neoplistic diseases 


hormone. 
patients with m enue 
sion, collagen disease, psychosomatic disorders, I 
or active infections, often become relatively insulin resistant Furthermore, 
the lymphopenie effect of orally administered glucose is exaggerated in: uns 
treated diabetics. Since this is considered to be an index of ACTH secretion, 
the excessive lymphopenia so produced could be interpreted as due to an 


: vy 10 
increased tendency to discharge corticotrophin." 


Typical systemic stressors. such as psychic or physical trauma '' may elicit 


diabetes mellitus in man. Such instances of traumatic diabetes have been 
interpreted as diseases of adaptation due to a derailment of the G-A-S." In 
one pertinent study on eleven diabetic individuals “increased glycosuria and 
Ketosis were observed repeatedly during conflicts associated with fear, depres- 
sion, frustrated anger and, as far as could be ascertained, in the absence of 
significant changes in diet, insulin or activity’ Furthermore, “significant 
emotional conflict has been shown to be associated with a rise in the blood- 
Ketone level and a simultaneous ‘washing out’ of glucose through diuresis, 
The evidence indicates that such a mechanism is commonly involved in the 
decompensation of diabetes and the production of clinical ketosis". 

Allegedly, even changes in atmospheric conditions can aggravate diabetes 
mellitus in man! Ze 


oo well known fact that during war-time the incidence of diabetes tends 
Sapp pi ota eke Rin the assumption that stress tends to 
hak tose aechrananct © beneficial effect is not due to non-specific stressors 

accompanying malnutrition which has a specific antidiabetic effect. 


an ; 2 man receiving large doses of ACTH furnished especially 
Pertinent data, It was found that corticotrophin not only produces 


Pee os a Faas is is accompanied by a decrease in blood gluta- 
is responsible for reducing ay telson metabolite having an alloxan-like effect 


tacellular availability of free sulfhydryl groups 
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(necessary for n : Pe: ot en aed SPREENS) + causing functional 
(rrormalities withi is — ta es s, pt de as blocking normal glucose 
apr ation periphe: Furthermore, ACTH appears to decrease the renal- 
er seabsorptic se, presumably as a result of inhibition of an 
ee evithin th pithelium. Interestingly, administration of large 


enzym 
amounts of re 
in spite of continu 
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duce hione abolishes an already established hyperglycemia 
1 treatment.'* Presumably ACTH discharge could 
) increased production of alloxan-like purine metab- 
olites, with a resul eased availability (binding ?) of the - SH groups 
(such as are furnis utathione), which are known to alleviate alloxan- 
diabetes. Since allo o causes a diminution of blood-glutathione, it is 
possible that the fo 1 of alloxan-like purine metabolites participates in the 
genesis of this same « following ACTH administration; (2) renal diabetes, 
due to inhibition of tubular glucose reabsorption. Thus, a sudden discharge 
of ACTH during stress may play an important réle in the initiation of diabetes 


among genetically predisposed individuals.” 
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, <n 
of the tissues, in diabetics ee ss be i | to that 
caused by DCA overdosage. < o “ e of diabetic acido he z ther 
hypercorticoidism at this time is the cause esult of 
1e cons systemic stress. 

A a RN with the pathologic eee Sieh e ales 
that arteriosclerosis and nephrosclerosis are ad ‘ ly if the 
disease is of long standing. If diabetes is wna as * i a laptation 
such lesions could be attributed to the sane Sta : re | ch causes 
the derangement in carbohydrate metabolism sei , pede Fo ticotrophic 
stimulation, both diabetes and coats a ‘j fiche It must he 
kept in mind, however, that although pure AC may cause “S, it does 
not usually elicit vascular hyalinosis and indeed tends to i the latter 
through the production of gluco-corticoids. Hence, if we acc this ‘teins 
pretation, we would have to assume that in diabetes, both gluc ticoid and 
mineralo-corticoid production are augmented with a considerab\: edominance 


of the latter, or at least, that the metabolic derangements during this disease 
greatly sensitize the organism for the mineralo-corticoid effect. 

The previously mentioned animal experiments, showing that subtotal pan- 
createctomy in itself suffices to cause nephrosclerosis, also suggest that the 
resulting metabolic derangement sensitizes the organism to hyalinosis (cf. 
above). Statistical studies indicate that optimal insulin and dietary treatment 
of diabetes postpones the advent of degenerative cardiovascular and renal 
disease. This led to the conception that at least the latter are due to a derailment 
of the G-A-S caused by continued exposure to metabolic stress.22 

In summary, through the ACTH mechanism, stress can cause diabetes; con- 
versely, the metabolic derangements of diabetes cause systemic stress responses 
which tend to derail so that renal and vascular complications ensue. 

The important réle played by corticoids in the pathogenesis of diabetes 
is further illustrated by the striking therapeutic effect of complete bilateral 
adrenalectomy. This was performed in a patient suffering from severe hyper- 
tension and diabetes. The blood-pressure fell and remained normal. Although 
this patient received only maintenance doses of cortical extract, insulin was 
necessary to prevent glycosuria. However, the insulin requirements were great- 
ly diminished and roughly paralleled the amount of cortical extract given.” 
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idrenocortical response to stress were 
lerangements of the G-A-S deserve more 
received, especially since it has now been 
ilial hypoglycemosis” ACTH. given during a 
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fev days, prod 
in the section on lipid metabolism, that stress 
of the body as part of its catabolic actions 
reserves are lost, both during acute stress 


Leanness. — 
tends to deplete 
The fact that t! tise 


situations and ir f prolonged illness, is too familiar to deserve 
discussion. It s! ointed out, however, that the intimate humoral 
mechanism, throu ch the combustion of fat is effected doring stress, 
remains to be eluc he hypophysis-adrenocortical system is certainly 
not indispensable fo: 

even in hypophysecton 


response, since the fat depots are lost during stress, 
ized or adrenalectomized animals. 


Obesity. — In a sense obesity could perhaps also be envisaged as a disease 
of adaptation. “Inadequate as it may be, obesity is the resultant of an 
individual's attempt to adapt to the emotional stresses to which he is exposed,” 
Overeating is one of the many types of maladaptation which may occur as a 
result of stress.*" Various social habits, maternal favoring of children, 
“emotional starvation”, emotional conflicts, etc., have been listed as examples 
of situations in which overeating and obesity may act as protective mechan- 
isms.** 

A certain type of obesity is rather characteristic of Cushing's syndrome and, 
in adipose people with a “cushingoid” constitutional type, excess ACTH and 
gluco-corticoid secretion could be of pathogenic importance. However, forced 
feeding causes excessive fat storage even in adrenalectomized and hypophysec- 
tomized animals, hence in most instances, obesity is not the direct result of 
an excessive corticoid production.** We do not know whether the “lipophil 
dystrophy”, which often follows starvation, is due to adaptive hypercorticoi- 
dism. It is suggestive however, that this condition is often associated with 

cushingoid” manifestations. 
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Effect of ACTH upon urate metabolism 
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lowing withdrawal of such treatment a gout attack may be precipitated even in patients who 
were previously free of attacks for several months, 
(Courtesy of Dr. J. W. Conn: partly after Robinson et al. B41851/48.) 


There has been much speculation concerning the relationship between the 
colchicum and ACTH therapy of gout. The possibility has been suggested 
pe through the G-A-S mechanism, colchicine may elicit an endogenous dis- 
charge of ACTH, with a consequent uric-acid elimination, similar to that 
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Other investiga ut that the “ry development of a G-A-S 
ot explain reme of gout.** Carriers of hereditary hyper- 
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EFFECT OF ACTH UPON SWEAT Na AND Cl IN RELATION TO 
URINARY Na, Cl, K, GLUCOSE, NITROGEN, URIC ACID, AND EOSINOPHILS 
Fee oe ne (AM. p 23. NORMAL CONTROL) 
U.OF MICHIGAN 
Certain metabolic effects of ACTH in man. — Note that Na and Cl content of sweat diminishes, 
urinary nitrogen and uric acid rises and there is slight glycosuria during ACTH treatment. 
The urinary Na and Cl showed a transitory decrease during the first few days with a return 
towards normal levels as treatment proceeded. After interruption of ACTH administration 
there was a marked loss of both Na and Cl associated with some K retention. The eosinopenia 
Was also well marked during the treatment period. (A d Louis B45972/50.) 
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270 : 
yloidosis is normally produced peieenteral ‘ration of decrease 32 ee f . Se ihe bloed aad seimetngee en 
In mice, am ; b rethane injections can preve lene : lary permeabi 1 common causes of fluid retention; occa- 
veast-nucleic-acid salts, but 2 roved effective in certair es of will cap! lly, renal daz ite the condition. The participation of the 
be recalled that ee 4 aCTH tease can eciaaa Sif mechanism enesis of famine-edema has not yet been clearly 
hemopoietic system. © RES is assumed to play an impx éle hee ried: 
(cf. below). gle aes, a eer SAAT exe lar act the oe Saeer of n mage upon the renal elimination of water and 
formation of amyloi | an : Be cP interest ir in Ons olytes must in mind. It has been emphasized that “almost 
upon the R.E.S., this finding app With electro'y ; illness may be looked upon as a cause for extra-renal 
serious 
our problem. ae a any ia and yet th ommon factor accountable for it. Some ot the 
The probable relationship between amyloidosis an a; ee f adapta. Pear iaical chara: 1iformly present are dehydration, stupor, azotemia, 
tion is also suggested by the occurrence of Addison Batiense . nyloidosis, re blood-pressure hock-like appearance”. It has been postulated that 
following burns causing long lasting wound infection. ~ Pt lore, “‘the rl patients sht f the renal circulation towards the medulla of the 
incidence of amyloidosis appears to be higher in rheumatoid itis than ig lainey may be the pri | cause of these derangements,"* 
generally believed’. The so-called “low-salt syndrome” is a closely related phenomenon. It 
The term ‘‘paramyloidosis” is sometimes used to designate a type of systemic tends to develop especially when the NaCl intake is restricted while the water 
amyloidosis with prominent cutaneous manifestations and a marked increase in intake is not, or when salt is lost without corresponding amounts of water. 
the y-globulins of the blood. Sometimes the deposition of amyloid-like materia] Death occurs from uremia. In such instances the intravenous injection of 
in the skin is so pronounced that certain authors speak of ‘ pseudomyxoedema hypertonic saline (5-6°), in an amount sufficient to replace the calculated 
paramyloidosum”.‘* The close morphologic connections between amyloidosis, deficit in extracellular fluid, proved to be very efficacious. This derangement 


paramyloidosis, plasmacytosis, allergic tissue reactions and the diffuse collagen 


d h mae fecal detail 45 occurs with particular frequency when there is slight impairment of renal func- 
iseases, have recently been analyzed in some detail.*® 


tion due to aging, hypertension or congestive circulatory failure. “It is probable 


All these observations suggest some relationship to non-specific stress, that many so-called ‘post-operative’, ‘reflex’ and ‘essential’ anurias are the result 
especially since amyloid appears to be chemically related to “hyalin”; however, of overhydration”’.*® 
specific investigations to establish the relationship between amyloidosis and Sodium withdrawal,®® or administration of cation-exchange-resins, which 
the G-A-S have not yet been published. interfere with the absorption of sodium,*! tend to cause metabolic derangements 


similar to those of the low-salt syndrome, but the salt-deprivation thus effected 


Acute porphyria, — i ibi - i i 
Bor ays Cases of acute porphyria often exhibit adrenal hyper exerts a favorable influence upon abnormal salt and water retention during 


trophy, renal damage and liver necrosis, conjointly with a decrease in the 


serum Na and Cl. Since in such instances DCA and pantothenic acid are certain derangements of the G-A-S. Py ee 
usually without avail, the derangement in electrolyte metabolism has been _, Pink disease (infantile acrodynia, erythredema, trophodermatoneurosis’ or 
regarded as secondary to the renal damage, rather than to some adrenal taw beef hands and feet’) has been defined as a condition “characterized 
deficiency. Yet derangements in blood-pigment metabolism tend to develop by swollen bluish-red hands and feet, disordered digestion, followed by con- 
during the G-A-S as a result of R.E.S. stimulation; hence, the relationship siderable muscular paresis, occurring in children between the ages of six and 
between acute Porphyria and the G-A-S would deserve further study. seen months.” However, older children me tee: be at eee toe 
Diseases of salt and ee recently, the view has been expressed that “pink disease should be include 


— It has previously been mentioned aS one of those diseases which manifest the ‘susceptible state’. These children 
t and salt metabolism (e.g., cortic- show redness, coldness, swelling g, itching and hyperesthesia, at 
line) participate in the G-A-S. A Some stage or other. Their hands h, and 


‘ production during st i nces anticipati 
in water and salt metabolism. et eee cause distusbs “cipation when one approaches 


otrophin, corticoids, vasopressin, adrena 


die from famine-edema,‘7 but 


enlargement occurs y ic significance here, since a similar suprarenal 
water retention. In | ae he anda Pe ee aceon Praga 
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Theor Oj Data ( ‘once? ning 
lism 

In reading t® pt in mind that our int 
of individual o! -n given; here we shall merely atter 
to integrate the 

The metabolic istic of the two catabolic periods of th 
G-A-S, namely ( 1 tage of exhaustion, are essentially 
In the intermedi: ince, on the other hand, such deviations fro 
the norm usually ctually reversed 

Generally spe« e A-R there is an increase in the breakdown 
of carbohydrates, 1 proteins, with a particularly marked diminution 
of the storage fo » body constituents (e.g., glycogen, neutral fats 
“dispensable” prot companied by increased production of the corre 
ponding breakdow1 ducts (lactic-acid, pyruvic-acid, amino-acids and other 
N.P.N. substances). Uuring this great catabolic impulse, intermediate metab 
olites — formed in the course of the degradation of storage substances — may 


temporarily accumulate in one or the other compartment of the body. Fo: 
instance, in the course of glycogen breakdown to CO:, more glucose may be 
formed from glycogen than can be utilized by the tissues, so that hyperglycemia 
ensues. Similarly, very large amounts of fat mobilized from adipose tissue may 
temporarily be retained by hepatic cells in preparation for further degradation 

The accumulation of such intermediate products, during the G-A-S, depends 
upon many variables, for instance: (1) the availability of stored materials from 
which these intermediates can be made, (2) the intensity of their consumption 
by the target organs which require them during stress, (3) the intake of such 
substances or their precursors through the alimentary tract, (4) the rate at 
which they are excreted. 

The part played by these variables in determining metabolic responses to 
stress, is subject to great individual variations, depending upon specific actions 
of the stressors themselves, as well as upon genetic, dietary and previous stress 
influences, all of which modify the responsiveness of the organism. Although 
essentially the basic pattern of response to systemic stress is always the same, 
these ‘conditioning factors” tend to distort the stereotypical picture. Thus a 
stressor with potent, specific, hypoglycemic actions, such as insulin, will mash: 
the typical initial hyperglycemia normally observed during the adrenergic first 
Phase of the A-R, Similarly, the transitory deposition of fat in the liver, so 
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commonly noted during the A-R, is not manifest if the individual Sic 
little depot fat due to fasting, previous exposure to poe or a calle 
determined lean constitution. The distortion of the Seg by 
such conditioning factors was probably the greatest handicap in zing 


individual manifestations of the G-A-S as due to stress as such. 


We mentioned that catabolism is largely dependent upon availabl age 
products”. It is rather difficult, however, to draw any sharp line of de tion 
between storage materials and those which form an essential part ‘ing 
matter. The transition is quite imperceptible between labile, “dis; ible” 
protein and that which constitutes the very essence of the living cell. rly, 
certain fats and carbohydrates which can be stored in excessive and di: able 
amounts, also enter into the indispensable structure of living matter ver- 
theless, a gradient of dispensability should be recognized, both in each cell and 
in the organism as a whole. Within each cell, the most dispensable reserve 
materials are often stored in the form of granules (e.g., glycogen, lipids. pro- 
teins) which are quite clearly demarcated from the remaining cytoplasm. Con- 


sidering the organism as a whole, the adipose, lymphatic and collagenous tissues 
appear to be most labile and dispensable. It is worthy of emphasis that during 
the catabolic periods of the A-R and exhaustion phases, these labile and dis- 
pensable structures are first to be attacked, while the most vital tissues (e.g., 
nervous tissue, heart, kidney), and here again the most indispensable parts 
of their cellular protoplasm, are protected with special care against the wide- 
spread tissue catabolism. 


During both catabolic phases, the breakdown of materials is effected 
through the two great integrating systems of the body, the endocrine and 
the nervous systems. Available data do not yet permit any far reaching 
generalizations concerning the behavior of these coérdinators during the 
G-A-S. However, it is already evident that in the course of the A-R, the 
production of catabolism-promoting hormones — particularly ACTH, gluco- 
corticoids, adrenaline — are augmented and at the same time, the release of 
adrenergic substances is increased at the sympathetic nerve endings. 


The hormones do not cause tissue catabolism directly, but presumably, 
through the intermediary of enzyme systems. Accordingly, during the A-R, 
the tissue concentration of certain proteases, lipases, phosphatases, amylases, 
etc. is increased; indeed some workers believe that even the acquisition of 
adaptation itself is dependent upon the formation of special ‘adaptive 
enzymes”. 

Vitamins are undoubtedly also involved in the regulation of metabolic 
changes during the G-A-S and it is presumably for this reason that the tissue 
concentration, especially of ascorbic-acid and certain members of the vitamin- 
B complex, undergoes characteristic variations during the three stages. The 
manner in which hormones influence the metabolism of energy yielding sub- 
stances through the intermediary of enzymes and vitamins, is still very 
inadequately known, but there can be little doubt that these are fundamental 
mechanisms in the regulation of G-A-S phenomena, 


We repeatedly had occasion to poi i 
point out that cert, : 

of corticoids are dependent upon peripheral cond eaAneebe 

hyperglycemic effect of gluco-corticoids is consi 

A-R, even in adrenalectomized animals. Presu; 
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= factor, pt | body at this time, potentiates the hyperglycemic 
meté of gluco-cor nature of this potentiating agert is not known, 
effect ets well be a me, or some enzyme substrate. In our opinion, 
put it detailed stu henomena is very likely to furnish fundamental 
a more »f adaptive reactions, 


gata concerning the mae 
Most of this di based upon observations concerned with the 

AR. The other ph the G-A-S (resistance and exhaustion) have so 
far received but sup: ition. It appears that during the stage of resist- 
the A-R ma ) disappear or are actually reversed owing to 

he endc nervous integrating systems. The extreme hyper- 
1ximal discharge of adrenaline from the medulla, 

illy of the adrenergic vegetative nerves — all of 

f the A-R — tend to vanish as resistance is acquired; 


ance, the 
changes in t 
activity of the cort 


the great stimulatior 
which are so characte! 


at the same time, the great catabolic impulse gives way to anabolism and 
recovery. It should be clearly pointed out, however, that the basic factors 
which condition this change, as well as those responsible for the final reap- 
pearance of catabolism during the exhaustion stage, are still unknown. 


It may be worth considering the following working hypothesis. 

To help repair during stress, the gluco-corticoids (e.g., cortisone, cpd. F.) 
form amino-acids and carbohydrates at the expense of dispensable protein, 
especially that of the thymico-lymphatic organs, connective tissue, bone matrix 
and skeletal muscles. 

These building blocks are then attracted to those cells whose “growth- 
potential’ is most markedly raised by the need for defense and regeneration. 
Thus an internal transposition of protein is effected, which proves useful 
especially for resistance to acute stress, at times when food ingestion is 
impossible. 

Later, however, when inflammation and scar formation begin to play an 
important réle in the pattern of defense, an increased secretion of mineralo- 
corticoids (e.g., desoxycorticosterone, 11-desoxocortisone) stimulates the 
deposition of extracellular protein to form the molds in which the more per- 
manent repair structures (e.g., collagen) develop. If this deposition is excessive 
and its organization into fibers lags behind, the amorphous protein deposits 
condense into structureless masses of hyalin (and amyloid ?). The latter are 
not accepted as permanent prostheses and tend to be attacked as “foreign 
bodies” by an inflammatory granuloma (e.g., rheumatoid arthritis, periarteritis 
nodosa), 

; qoversely, during rest, intracellular protein is formed, a process aided by 
uc anabolic hormones as somatotrophin and the 
med bo Pha probable that during st 
toeont pe euly by cortic i 
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During stress. it may be useful to promote the Aa of to iberated 
poe lp -e it by less toxic Na. [It may al vases 
i d cells, and to replace it by ’ peeeny & d : 
aes the intercellular fluid volume at the expen .cellulas 
— eee fluid. Toxic metabolites, exogenous poisons and 5, wth 
ret the body may become suddenly overloaded during stress umably 
ban damaging if they are removed from cells and circulation int latively 
inert tissue spaces, until they can gradually be dealt with, 
Summary of Observations Concerning Metabolism 
During the G-A-S. 
We have attempted to summarize the salient metabolic chang s during the 
G-A-S in the form of the chart given below. In perusing this summary, it will 
be kept in mind that available data did not permit us to complete some of the 


curves. Most pertinent observations are unfortunately limited to the A-R stage; 
in other instances, relevant information is insufficient or contradictory. The 
curves should therefore merely be considered as tentative outlines of the 
metabolic changes which, in our opinion, are most readily compatible with the 
data we were able to compile from the literature or from personal observations. 
The most reliable data are indicated in solid lines, suggestive evidence is 
represented by interrupted lines and where pertinent observations are missing, 
the curve is interrupted. 


The length of the resistant phase varies greatly, depending upon the intensity 
of the stimulus and the adaptability of the organism. Except in the case of 
exposure to the most fulminant lethal stressors, it is proportionately.much more 


prolonged than the space available on this page would have permitted us to 
indicate. 


As we have repeatedly emphasized in the preceding pages, the metabolic 
responses during the G-A-S largely depend upon conditioning factors. Hence, 
important deviations from these ‘‘characteristic’ patterns must be expected, 
especially with stressors known to possess a specific action upon metabolism. 
Nevertheless, it was felt that such somewhat idealized curves will help to 


visualize the deviations from the norm which appear to represent the standard 
pattern of response during the G-A-S. 


The data concerning specific and crossed resistance are repeated here merely 
as a standard of reference. They will facilitate the correlation of the metab- 


olic findings with the general course of the adaptation syndrome as described 
in the preceding section. 
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yunte tion 


shock © 
Sho Shock 


stack 


1. Damage decreases both types of resist- 
ance; defense tends to raise specific more 
than (or even at the expense of) crossed 
resistance. However, the G-A-S probably 
plays little, if any, réle in the acquisition 
of specific resistance, which depends upon 
specific adaptive phenomena. It improves 
resistance to (systemic or local) non- 
specific injuries, especially through the 
action of corticoids. 


pesistance 


2. Damage decreases body temperature, 


defense tends to raise it. Hypothermia ts 
therefore characteristic of shock and 
exhaustion; during counter-sshock and 
resistance the temperature may be normal 
or elevated (fever), depending upon con- 
ditioning factors. Gluco-corticoids tend to 
maintain a normal temperature during 
stress; they combat both excessive hypo- 
and hyperthermic reactions. 


3. Damage decreases the B.M.R., de- 
fense tends to raise it. 


4. Damage causes hypoglycemia (in- 
Bipsdietinat creased Gaieetieni tia of glucose for repair, 
decreased gluconeogenesis in damaged 
liver?) defense tends to raise the blood- 
sugar. The hyperglycemia is due to adren- 
- ergic discharge during the initial shock 
phase and to gluco-corticoids during count- 

er-shock and resistance phases. 
yr 5. In the A-R and exhaustion stages 
ol there is glycogenolysis (adrenergic dis 
and muscle charge, relative hypo-gluco-corticoidism) ; 
during resistance, this is largely compensat- 
ed by excess gluco-corticoid secretion. 
Variations in somatotrophin and insulin 
production probably also participate in 

these responses. 
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i. RESISTANCE ot Bi Shock [Counter si ae REMARKS 
STAGE Shock Counter) . 7 | tion AGE said Shock 
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8. Loss of lis . 15. During the two cataboli eriod 
= : lipi a ¢ | © catabolic periods 
Lipids in afaceu ad velativels jipore tissue rive | tissue Proteins are lost especially from 
adipose physis-adrenal-kido eine hypo. reins / } lymphatic, connective and muscle tissues. 
aeeas Sates Robclastic. re 2 i Stress prgenetal } During resistance, restoration to normal 

sence of any amor leat the ah . | | is rarely complete even if the fat depots 
= t a4 | become excessive. 
: a. ee ee 
Lipids aring ¢ | | 16. Total blood-proteins fall during A-R, 
pi - ; e AR F 
in liver t a m conditionin Proteins especially due to albumin loss; hence, 
actors pau arly th lable fat store in blood gelatine , aentation of globulin (espe- 
c ge 0 orticoids which Album! } cially a) rises. In stage of resistance, an 
ili 3 ic 5 A | . . : . He. 
ReLCS fae transpos i to hepatic ale Globulin a, absolute rise in fibrinogen tends te occur, 
ore age, musc : ise and x-irea. Fibrinoge® =a Ws — ~ if its hepatic synthesis is not impeded 
ee ea are unusuall tive in produc. x Gluco-corticoids tend to rectify the dis 
ng this change, \ if torted blood-protein pattern, e.g., during 
Pact 4 febrile states; their effect upon E.S.R 
\ Le largely depends on this action. 
Total Toca ae + : 
ota 10. Total blood-lipids and chol oe me 
ah tog esters usually show parallel devatieg Creatine 7 a eae ee peste sey 2 
and blood- Free cholesterol is less variable. DCA in urine versible creatin-phosphate breakdown. Bx- 
cholesterol d a ‘ 5 cept in the event of widespread tissue des- 
tends to cause hypercholesterolemia, eg tank : rf 
cially, in ‘the presence of resal ‘i per truction creatinine-elimination is unchang- 
amage. ed; if renal damage is severe, it may 
actually fall due to poor clearance. 


18. Hyperuricacidemia during A-R large- 
ly due to degradation of nucleoproteins 
(e.g., of lymphatic cells). This presum- 
ably participates in the production of 
gouty attacks during stress. Concurrent 
production of alloxan-like purine metab- 
olites may even lead to diabetes. This 
response is mediated by ACTH and gluco- 
corticoids, yet in gout, ACTH decreases 
plasma urate because excretion is more 
stimulated than neogenesi 


Ketone ae 

ie Micad 11. The initial stress-ketonemia is often a 
accompanied by  ketonuria, especially Uriceacid 

during fasting. It tends to be followed by in blood 

a decrease in blood-ketones. and urine 


P.N. levels are 


12. Blood and urine N. 
primarily determined by protein catabol- NaCl 
ism on the one hand, aa impairment ot in blood 
renal elimination on the other. N-balance 
during G.-A-S largely depends upon relative 
proportion between catabolic (gluco-cort- 
icoids, adrenaline, thyroxin) and anabolic 
(somatotrophin, testoids) hormones. 


19. Damage causes hypochloremia and 
hyponatremia associated with low resist- 
ance. The development of normal or high 
values, during the resistant stage, depends 
upon the activity of the adrenal cortex. 
During the hypochloremic-hypochloruric 
phases, the tissue-NaCl concentration rises, 
especially in the directly injured areas, 
presumably due to edema formation. 


-——- a ne 
13. Blood and urine levels largely de- K in blood and hyperkaluria 
exh n is accom- 


pendent on protein catabolism, hee and urine his 
blood : the celle of 


deamination, excretion, and oral int 
amino-acids as well as removal of 
amino-acids for protein synthesis. 
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i 23. Urinary iminad i 
Saliacss creased during th caunatiog is in, 
due to the liberari: ES from pends, 
compounds. ™ Organic 
Alkali 24. The acidosis of the A. a 
rererve compensated, but eR be 
in blood also falls. During the early resistant ce 
an “alkaline wave” tends to follon. be 
the later stages of the G-A-S did not ee 
receive much attention. i: 
Diuresis 25. The decrease in urine output during 
the A-R and exhaustion phases is largely 
due to impaired renal filtration and per- 
haps partly, also to increased tubular water 
reabsorption (vasopressin). Decreased tub- 
ular reabsorption and increased filtration 
Pressure (corticoids) play important roles 
in the causation of diuresis during the 
resistant phase. 
Intercellular oe ge Ga R 
seates 26. Edema formation during the AR 
is especially pronounced in tissues injured 
directly by the stressor (trauma, burns, 
inflammation) or by relayed catabolic ac 
tions of the G-A-S (e.g., in the thymico- 
lymphatic organs, stomach, pancreas). 
Hormones “a 


27. The complex changes in the m : 


Wikectlase during the three Stages of the G.A.S iewerke of hormones, enzymes and vitamins, which occuf 


merely state that the adrenergi lo not lend themselves well to 5 noptic consideration. Let us 
to reach their rgic hormones, the gluco-corticoid -corticoids appeat 
on in this order during the G-A-S.. and the "minerato-cor the reader is 


MZ pages of the Preceding section, and to the synoptic chart concerning 
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MORPHOL‘ y AND FUNCTIONAL CHANGES 
VARIOUS ORGANS 


As a general react temic stress, the G-A-S influences every organ 
in the body, althoug! ells are of course much more selectively affected 
i f i = antian Hie ily “ ie 
than others. The wi read nature of the reaction is readily understandable 


‘we keep in mind th the chemical constitution of the blood and the 
tivity of the nervous system are markedly influenced by systemic stress and 
c 4 it as 

‘ll cells depend in turn upon these two major integrators of activity. 

a s 


In the following pages, we shall attempt to give a balanced description of 
our present-day knowledge concerning the morphologic and functional organ- 
changes which occur during the G-A-S. Our account is nevertheless patchy, 
undue attention being often given to one change, in proportion to another. We 
realize that this flaw was also manifest in our description of the metabolic 
changes. It is mainly due to the fact that we are dealing with a comparatively 
new field, some aspects of which received disproportionate attention, while 
others have been neglected up to now. We hope that in future editions of 
this book, it will be possible to correct this, while at present, the very lack ot 
information on certain points will, in itself, be of heuristic value by showing us 
where further investigation is most urgently needed. 

Let us begin with the endocrine system, because of its great importance in 
the evolution of the G-A-S. 


THE ENDOCRINES 
Hypophysis 


Systemic stress. — It is not yet clear what can be considered to be the 
characteristic structural response of the pituitary during the G-A-S. Our 
earliest studies in the rat showed that, during the A-R, nuclear pyknoses appear 
“7 Some circumscribed regions of the anterior-lobe, while other parts may remain 
normal. After more chronic treatment with various larmin stimuli, 
an increase in the number of basophiles equently observed. ny ¢ 
these were found to assume a “‘signet- Coe es 
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Experimental kidney lesions in the rat*® and rabbit * lik stimulate 
basophile proliferation. Here again the accompanying org. nges lead 
to the conclusion that the pituitary response Is part of the G 

Following bile-duct ligature in rabbits, the pituitary enlarge eosinophils 
lose their granules and there is an increase in the number of hasophils aay 
chromophobes. Since this is accompanied by adreno-cortic: largement 
thymus atrophy and other typical manifestations of syste stress, the 
pituitary change was ascribed to the development of a G-A-S. é histologic 
lesions agree with those described by other investigators, but it is doubtful 


whether the enlargement of the hypophysis should be ascribed to the G-A-S 
as such. 


Upon exposure to cold, a diminution in the size of the anterior- and middle- 
lobes occurred in rats without any change in the dimensions of the posterior- 
lobe. This was accompanied by hypertrophy of the basophiles.® 


Ionizing radiations appear to have an essentially similar effect upon the 
anterior-lobe. Thus, among the Japanese who died some time after exposure 
to the radiation effects of the atomic bombs, “large basophilic cells with much 
cytoplasmic vacuolation appeared in 25% of the males dying in the third to 
sixth weeks. Because cells of this type are found in mammals after castration, 
they are known as castration cells. In the second and third months large 
basophiles were found only, a few being vacuolated”’.7 


Exposure of urchins (Erinaceus europaeus) to excessive noise allegedly 


also causes hypertrophy of the anterior-lobe basophiles, with invasion of 
anterior-lobe debris into the posterior-lobe.§ 


suet literature concerning hypophyseal changes in various spontaneous 
— is too voluminous to be analyzed here. Suffice it to mention that 
ypertension and renal diseases are allegedly often accompanied by the so- 


the posterior-lobe; in the anterior-lobe the 
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nea-pig, causes hyperemia of the pituitary 


in A-R apparently also cause characteristic 
a woman who died eight days after having 
e was an increase in the number of anterior-lobe 
changes in the hypophysis. The lesions were 


considered to be typical of th A-R.22 
Ascaris toxin appears to be especially effective in producing patchy anterior- 
lobe-cell necrosis in the rabbit.48 This change is similar to that produced by 


toxic doses of formaldehyde (and many other drugs) in the rat." 


The hypophyseal changes caused by alloxan, in the rat, have also been 
attributed to the resulting G-A-S, rather than to any specific action of this 
l4a 


drug. 

Concentrated solutions of NaCl, given orally or intravenously in the rat, 
cause enlargement of the posterior-lobe with the appearance of many mitotic 
figures. This is often accompanied by degenerative changes in the anterior- 
lobe basophiles. Through confluence of colloid material, formed from the 
decomposed bodies of such basophiles, small cystic cavities may arise through- 
out the anterior-lobe. The pituitary cleft can likewise become filled with such 
colloid. It has been concluded that ‘‘the pituitary changes represent a reaction 
to derangements in the osmotic equilibrium of the body"’."° These lesions are 
not mere non-specific reactions to systemic stress; they are mentioned here for 
comparative purposes as they appear to be connected with specific hormonal 
adaptive responses to dehydration; yet dehydration is also an important factor 
during the A-R. 


In guinea-pigs starvation allegedly causes “a progressive loss of acidophilia 
and an increase in the number of basophiles and chromophobes. The basophiles 
teveal cytologic manifestations of high secretory activity (cell hypertrophy. 
degranulation, abundant mitochondrial content and hypertrophy of the Golgi 
apparatuses)". In advanced starvation, the pituitary loses its specific staining 
«actions and degenerative changes in both nucleus and | n marked. 
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Suinea-pig results from an ) 
Philes of the anteri ey 
been noted in ai 
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In inmates of concentration camps, ane of — ith nage 
signs of malnutrition, the anterior-lobe ona eo ver) > structural 
changes. Although the nature of these varied, epending upc umstances 
\ ecific manifestations of the S18 , 


they have been regarded as non-sp 

Stimuli Influencing the Response of the Eeoarhys® During the G-A-S, _ 
Little is known about stimuli which initiate or influence ti pophyseal 
response to systemic stress during the G-A-S. Testoids pro atrophy of 
the anterior-lobe in the rat and this effect remains manifest if the doge 


administered is so high that definite G-A-S changes occur in hymus and 
adrenals." 

Among the corticoids, DCA 1 and cortisone *” proved to cause marked 
involution of the rat and mouse pituitary. 

The anterior-lobe enlargement, elicited by folliculoids in the rat, is effectively 


inhibited by simultaneous treatment with testosterone *° and many other test. 
oids, while luteoids and corticoids are less effective.** The possible relation- 
ship between these responses and the G-A-S has not yet been examined. 


Allegedly, the proliferation of basophiles normally produced by exposure 
to cold fails to occur in rats.after transection of the pituitary stalk,22 but in 
view of the technical difficulties involved in this operation, these results would 
require confirmation. 


Diets rich in protein cause marked basophilia in the anterior-lobe of the rat.** 
It would be interesting to examine whether this response is related to the well 
known increase in the ability of the rat to secrete ACTH during the G-A-S 
if the animal is fed a high-protein ration.?* j 


Hypophyseal Diseases of Adaptation 


_ Simmond’s disease. — Certain types of Simmond’s disease have been 
hecte as diseases of adaptation.2> For instance, in women who develop 
Agr dat aap ae complicated childbirth,2® the anterior-lobe lesion may 
prea asd a resulting from a period of excessive stimulation 
picture of minléd le et Mires ea of hypopituitarism, associated with the 
oa Scns eles eee sclerosis, after typhoid-paratyphoid vac- 
to be correct, we ear oe eee Ba 8 joterpretation Pate 
diseases of adaptation resulting iran a oe 


wie mares piped disease is much more commonly the cause of 
hts Pr oieeoal at diseases of the adaptive system. Any lesion (e.g 
pinta oike, pie Res a gunshot wounds, tumors) which destroys the 
ing exposure to preven 4 iy with the normal ACTH discharge follow: 
thik dtioom can ee — leads to a deficiency of the pituitary-adreno 
administration is almost ese a ype cates by a 

ing in Simmond’s disease.”* 


18 Uehlinger B24304/47. 
38 Selye A35221/41,. 0° 1612/48. 
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it may incidental yned that in one hypopituitary patient, cardio- 
vasculat pid arthri ion of : rheumatic fever” had developed during 
verricoid therapy.”” btful whether there is any relationship between 
i treatment and th of the rheumatic lesions, because the hormone 


dosage WS very lo 
Cushing's syndron 


xcessive production of corticoids, with the 


resulting changes ir nd electrolyte metabolism, soon called attention 
to the relationship be Cushing's syndrome and the G-A-S.*° The similar- 
ity with experiment \duced diseases of adaptation, especially the 


overdosage, is particularly striking in those cases 


hyalinosis induced by | 
hich the serum-K and -Cl levels fall below normal 


of Cushing's syndrom: 


and the resulting hypochloremic alkalosis is associated with severe losses of 
K through the urine.” ' ollowing administration of NaCl solutions, patients 
with Cushing's syndrome excrete NaCl and water more rapidly than normals, 
presumably because of a diminished renal tubular reabsorption of these 


substances? This derangement is again reminiscent of what we found in rats 
chronically overdosed with DCA. 

Certain patients with Cushing's syndrome appear to be refractory to the salt 
retaining action of DCA.** It was suggested that this “may be due to the 
blocking action on the renal tubule of an excess of adrenal steroids of the 
11,17-hydroxy type’’.** However, as we have previously stated, the salt- 
retaining action of small doses of DCA is actually reversed by previous chronic 
administration of large doses. Presumably the originally stimulating effect 
of the hormone upon renal Na reabsorption is subsequently followed by such 
tubular damage that reabsorption is impeded. 

In Cushing's disease, as after excess ACTH administration, there is eosin- 
openia and an elevation of the urinary uric-acid:creatinine ratio,*° the fall in 
blood-lymphocytes normally produced by oral glucose administration is greatly 
exaggerated,** fibroplasia in wounds is delayed, the bones become porotic, etc.*? 

It has also been emphasized ‘that the hematological manifestations of 
Cushing's syndrome are quite similar to those of the initial reaction of the 
body to non-specific damaging events — the adaptation syndrome of Selye. 
Since these hematological changes are due to changes in hormone production, 
the data herein presented strengthen the contention that the hormone altera- 
tions of Cushing’s syndrome are similar to those of the early phases of the 
Adaptation Syndrome’’.3™* 
ec apieretic analysis in patients with Cushin: 
peiany albumin and y-globulin levels; these w' 
yale ey 

odulin level in a num: 
‘e It is significant, 
o hephrosclero i 


g's syndrome showed low 
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that in Cushing's disease, we have a condition mg _ > diseases 

; nig ; » latte at the horm: e. 
of adaptation, but differing from the latter in that e ort balance jg 

ee . — v7 nce adaptat s 
the primary cause of disease, not the consequence ° a apt xogenous 
damage”. ** In certain cases of Cushing s syndrome, malignant \rosclerosig 
may be accompanied by a diffuse hyalinizing arteritis of the ties 39 

It is interesting, furthermore, that in one = _—— e, dageie 
an adrenal-cortical tumor, both the V DM and a conc ns in the 
blood were high, just as in chronic essential hypertension. 

Adrenals 

In view of the rather central position occupied by the adrenal! the regula. 

tion of defense the morphologic changes which occur in these inds during 


systemic stress have received considerable attention." 

In previous years, we emphasized — and perhaps over-emphasized ~ 
the fact that, in response to a great variety of non-specific systemic stressors, 
the adrenal cortex reacts in essentially the same manner. It has been more 
or less generally accepted, furthermore, that the activity and morphologic 
development of the adrenal cortex is regulated by a single, hypophyseal 
corticotrophin (ACTH) which can exert all the known corticotrophic actions. 

Similarly, the discharge of adrenaline from the adrenal medulla had been 
assumed to be exclusively (or almost exclusively) under the control of acetyl- 
choline. The latter would reach the cells after being liberated at the endings 


of their secretory nerves, or, in rare instances, perhaps through the blood- 
stream. ‘ 


It has been concluded, accordingly, that the wide variety of agents, which 
affect the adrenals act upon the cortex only by increasing or decreasing 
corticotrophin production, and upon the medulla by varying the degree of 
cholinergic (splanchnic) stimulation. Such an interpretation does not allow 
for any qualitative differences in adrenal response; it would necessarily lead 
to the conclusion that the gland can only be more or less intensely stimulated. 
We know, however, that the medulla secretes both adrenaline and nor- 
adrenaline, while the cortex produces a variety of hormones which are not 
necessarily secreted at the same time, in set proportions 


Peale g yet have any definite evidence proving the existence of several 
pee ai ae oe pew Our observations have led us to assume, how- 
pth ee kt meat is secreted by the pituitary, this sub- 
‘ 2 ively different effects tex, 

depending upon “conditioning” factors,4 posi spen) the adrenal <0 

Tt has n ; ; 

an ey Gy Toh amn ae veal doubt that non-specific stressors caus? 
Production. It is equally certain, however, that various 


alarmin imuli ; 
Pecbabty nena a qualitatively different adreno-cortical changes- 
-specific adrenal response to certain stimuli can be modified 
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ACTH production is merely the simplest 


py their specific 
(most non-speci mic Suess 
in preparation : 1 complex discussion of adrenal responses 
cific sts useful to define the principal qualitatively 


to non-spe 
different morpholog 


1 we * can distinguish in our experimental 


material: 

(1) Atrophy. - iffect all cells of the cortex equally, or it may 
be more OF less li tain zones. It is sometimes, but not always, 
accompanied by m f cytoplasmic granules (sudanophilic lipids, 
plasmalogens. choke yrbic acid, etc.). It can be produced by hypo- 


physectomy, overdos srticoids or testoids and — in the glomerulosa 


— by overdosage with 

(2) Hypertrophy. is characterized by the enlargement of individual 
cells. It may affect th hole cortex evenly, but is often limited to certain 
zones in a somewhat selective manner. Hypertrophy is sometimes associated 
with an increase, at other times, with a decrease in the storage of the various 
cytoplasmic granules. It can be produced by ACTH, folliculoids, various 
alarming stimuli, partial adrenalectomy and — in the glomerulosa — by Na- 


deficiency. 

(3) Hyperplasia. — This is characterized by an increase in cell number due 
to mitotic proliferation. It does not tend to be entirely limited to any zone, 
although, usually the outer fasciculata is most, the reticularis, least, affected. 
It can be produced by the same agents which cause hypertrophy, but not 
necessarily to the same extent or at the same time. 

(4) Capsular adenomas. — These are proliferations of hypertrophic cell 
groups which appear to arise from dormant glomerulosa islets within the 
adrenal capsule. They are often multiple and rich in lipids. Such adenomas 
are also produced by the agents listed under (2) and (3), but usually only 
after prolonged treatment, and only in genetically predisposed individuals. 

(5) Lipid-granule storage or discharge. — Under this heading we discuss 
the multiple osmiophilic and sudanophilic granules present in the cytoplasm 
of cortical cells. We consider the process of multiple small granule formation 
as essentially different from the ‘fatty metaplasia” discussed in paragraph 
(9) below. Depending upon experimental conditions, storage of lipid granules 
may occur selectively in one or the other zone of the cortex. Discharge of 
lipid granules is especially obvious in the A-R, the stage of exhaustion and 
after folliculoid treatment; storage, during the stage of resistance and after 
Continuous ACTH administration. 
¥ (6) Cholesterol-granul storage 
ery rich in cholesterol. 
roughly parallel wi 
erol can be eff 1 
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‘ . i rallelism 
of sudanophilic lipids hewong ot . .. absollite 
and the loss of these granules rom does not 
necessarily coincide. ; 

(8) Ascorbic-acid-granule storage or discharge. = The a | coven 
also extraordinarily rich in ascorbic acid. aieestarane of t mintiies 
wise roughly parallels that of the sudanophilic lipids. Under fluence: af 
acute corticotrophic stimulation, however, the ascorbic acid t to be dis. 
charged (and later replenished) even more rapidly than choles ind hence 
of course, much more quickly than the sudanophilic lipids. é 

(9) Fatty metaplasia. — Under this name we described a iliar trans- 
formation of adreno-cortical into what appear to be common f lise Winees 
are characterized by the development of a single, large fat vacuole so that 
they assume the “signet ring” appearance of adipose cells. This change is 
rather specific inasmuch as it rarely occurs under the influence of any stimulus 


other than testoid-hormone treatment. 

(10) Colloid formation. — In some experiments we noted that hyalin, 
homogeneous bodies are formed within the cytoplasm of adreno-cortical cells.4® 
These globules stain intensely with eosin and fuchsin. In their tinctorial 
properties they resemble the colloid seen in the thyroid follicles or within the 
cytoplasm of the human corpus luteum of gestation. The functional significance 
of these corpuscles is not known, but they may well be storage products 
ic retained in the cell when more secretion is produced than discharged. They 


{* can be experimentally produced when secretion is stimulated (e.g., by ACTH), 
1, while granule discharge is inhibited (e.g., by DCA). Somewhat similar 
. colloid bodies have occasionally been found in human adrenals.*® 

. (11) Fibrinoid degeneration. — Under certain experimental conditions — 


usually those also conducive to colloid formation ~ we observed the appeat- 
ance of a fibrin network within the cytoplasm of cortical cells. This is often 
seen in animals chronically treated with corticotrophic extracts or exposed 
to long lasting systemic stress, especially if they are simultaneously given 
; certain steroids (e.g., corticoids or testoids), which tend to inhibit cortical 


secretion. It frequently occurs in combinati i i i 
ombination with w an 
may be a precursor of the latter. alee: 


Ph Poss te Sometimes entire cells (or parts of cytoplasm) disintegra’* 
cane ts edka agree ae granular eosinophilic debris. This has beer 
Freecom < ore overstimulation, but it is not necessarily a purely 
a type of holocrine ori without functional value. Cytolysis may represent 
cathe finlacse ol cretion. Cell parts or entire cells could perhaps more 

ge all their stored hormonal components, into the blood by 


actually disintegrating, th 
—_— egrating, than through the more timetaking process of selective 


yp 


+ 


a eo 


worthy that both in the cort 
basophilic granules and 1 area the medulla aa advenal ata J 


. es came often exhibit pasriedses ‘oa ret oe. 
—_ al at one point on the inner surface of th i 
a “chromatin cushion", Sometimes fine il 
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(13) ” idiosis” 
) “Chromidiosis”. — This may merely be an artefact. Yet it is note- 


ERALITIES 929 


towards th granules. The inclusions appear to be 


asi : 
cytopl@ vith what h -ly been described in other cells under the 


nt chromidia ygested that these chromidia are extruded 


Pe. nucleus, oF tl ,rmed in the cytoplasm, but it is not impos- 
from in some in present phagocytosed nuclear fragments. 
sible in showing int omidiosis, basophilic incrustations are often 
In glan qhe endotl and sometimes, large globules of intensely 
seen at material a thin the lumina of the sinusoids. The function 
Pee chromidia is ut kn they appear to be closely related to the nuclear 


chromatin Baaamay, like the latter, play a role in the elaboration of mecentlcn 
roducts, enzymes and proteins We found “chromidiosis most frequentlv 
in the adrenals of rats expo ed to chronic stress. Possibly related cytoplasmic 
; anules have been noted in the adrenals of man *? and guinea-pigs * during 
Eine infections. Yet, their development is very irregular and the possibility 
that they are merely artetac 

(14) Lymphoid and myeloid metaplasia. — In the adrenal cortex, and less 
frequently, in the medulla, islets of lymphatic or myeloid tissue can be produced 
experimentally. These appear to be transitional stages between lymphatic or 
myeloid cells on the one hand and normal cortical cells on the other. It was 
assumed therefore that direct metaplasia of cortical into myeloid and lymphatic 
elements, can occur. OF course the reticulo-endothelial cells of the cortex 
probably also contribute to the formation of these islets, and some of their cells 
may invade the gland from the blood. These islets are especially common 
in the adrenals of animals in which widespread tissue necrosis has been pro- 
duced, or which had been injected with extracts and implants of decomposing 
tissues. They appear to represent a rather specific response to the products 
of necrosis. 

(15) Formation of “lumina” within the cortical parenchyme. — Sometimes 
comparatively large areas of the adrenal cortex are affected by the previously 
mentioned process of cytolysis, and then, the surrounding normal cells appear 
to form an “acinus” or “tubule”. If the process of cytolysis involves the 
cortical sinusoids, these “lumina’’ come to communicate with circulating blood. 
In this event, there may be diffuse infarction of the cortex or discharge of the 
luminar contents into the blood. Such “lumen” formation is most common in 
the adrenals of animals exposed to very sudden intense stress, especially if 
the cortex was already hyperplastic, due to chronic exposure to a milder 
stress. This process is merely a modification of the cytolysis described above. 
Bete secretion. ~ Thesdiset je Sn 
oar home of the 
“lumen” -endocrine secret 


ts, has not been ruled out with certainty. 
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» falliculoids, In the 
heerved alter overdosage with Fol | | Nt, cer liy 
ih eve : most hemang “in 
: f the fasciculata may assume ana } spect. 
regions of the ¢ 


; fon Extensive hemorrha 


(18) Hemorrhagic injarctic 


chon of 
i the 
, result of intense cytolytic | ’ 


sas in ¢ 

adrenal usually occurs as « > gO severe a: f ' mark 
~dly hyperemic cortex It mav become s« ‘ ulminating 
eX ws specially in individuals who tend because — 
cortical insufficiency, es} Se of 


pillary resistance or a defect in blood clotti \ 


ater 
a decreased ca Cthouse 


Friderichsen Syndrome) 


(19) Anemic infarcts and Jocal necrosis Circumseri s of Anemic 
infaretion and necrosis tend to develop in the adrenals o| With per, 
arteritis nodosa; for instance, that caused by prolonged sy tress, DCA, 
LAP or the “endocrine kidney”. It is presumably due to ox of Vascular 
territories. When extensive, it may lead to acute cortical | iency. 

(20) “Toxic involution”. — Under this name we describ ingular type 
of cortical involution, caused by certain drugs (e.g., ger DDD), It 
usually affects the reticularis and inner fasciculata rather scloctiy ely, while 
the glomerulosa and outer fasciculata undergo compensat: hypertrophy, 
This involution may be accompanied by intense hemosiderosis and myeloid 


infiltration of the reticularis. The pathogenesis of this reaction is not known. 
but since it is very different from the atrophy obtained by hy pophysectomy 
or corticoid injections, it cannot be ascribed to a mere decrease in pituitary 
function, 


The above is by no means a complete list of all the changes that can be 
experimentally produced in the adrenal cortex. It merely comprises those 
lesions which we consider most important for the interpretation of adrenal 
responses during the G-A-S. 


Although several of these changes may occur simultaneously in the same 
adrenal, we listed them separately in order to emphasize that they are relative- 
ly independent of each other, Thus, they represent qualitatively distinct 
reaction types of the adrenal. Similar changes also occur in man and we 


attempted elesewhere to correlate these with the above experimental obser- 
vations.*" 


Systemic stress, — The adrenals — as most target organs — respond 
with a clear-cut triphasic Teaction during the G-A-S. The changes are 
essentially different during the A-R, the stage of resistance and the stage of 
exhaustion. As previously stated, the non-specific adrenal response to certain 
alarming stimuli can be modified by the specific actions of the latter. Among 
the changes listed above, the following appear to be due simply to increased 


ACTH production: hyperemia, hyperplasia, hyperfrophy and an increased 
cytoplasmic granule stora 


Secretion. Other lesions 
conditioning factors” 


Here we shall first consider — 


which they were produced — the r 
that is, those which are ch 


irrespectively of the mechanism through 
€sponses caused by any systemic stressot 
aracteristic of the G-A-S, 
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Adrenal changes during the G-A-S. in the 


; rat, A. Macroscopic view of the adrenals 
4 in a normal rat killed as a control for B, C 
. and D, Note high lipid content of the cortex 


indicated by the light color of the gland 
B. C, D. Adrenals of similar rats in which 
an A-R was produced by high spinal cord 


tion (B), exposu erature of + 2 C* (C), and repeated, forced muscular 
transection. respective! period of 48 hours, while food was withheld, Note con 
exercise te | risement 0 idrenals whose color was now dark, reddish brown due to 
siderable a aie lipid sec nules from the cortex, E. Adrenals of normal rat killed 
discharge “f for F EB. Ad Ss of rat exposed to cold during a period of 30 days. The 
as a ‘erie with obvio ianifestations of the exhaustion phase, including gastric ulcers 
ania! " ee ymphatic involution. Note that the adrenals are again enlarged and almost free 
rig nh ae a they were during the A-R. In the intermediate resistant stage (not shown 
foaithe Betanels are large, but otherwise macroscopically normal (After Selye 35935/ND 
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Adrenal hyperplasia with giant-cell formation, in man. — A. Circumscribed cortical hyper 
plasia with giant cells. Note many vacuoles in several of the giant nuclei. — B. Lipid storing 
giant cell with giant nucleus containing many vacuoles. Note also multinuclear lipid storing 
cortical cell in which one nucleus appears to undergo amitotic division 

(After Liebegott B46126/44 
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Adrenal atrophy, hypertrophy and hyperplasia under various experimental conditions, in the 
rat. All sections on this plate are shown at a magnification of x 1000 and show representative 
cells from the outer fasciculata of rats having approximately the same body weight. — 
A. Adrenal cortex of normal control rat. — B. Cortical atrophy caused by hypophysectomy 
Note greatly reduced size and frequently excentric position of nucleus. The cytoplasm stil! 
contains many lipid vacuoles. Compare with other types of atrophy illustrated in Fig. C 
and D. ~ C. Cortical atrophy produced by testosterone. Note that here cytoplasm and 
nucleus are also poorly developed. There are few small lipid droplets, but “fatty metaplasia’ 
a Seed in one of the cells. Note great distension of cytoplasm by a lipid vacuole. 
Bs ch compresses the nucleus and pushes it to the side so that the cell assumes the “signet 
pes geese of a common fat cell. — D. Cortical atrophy produced by DCA. Note 
ETT Y prominent cell contours. Both cytoplasm and nucleus are subnormal in size, but 
, ps. vacuoles are clearly visible. — E. Cortical hypertrophy and hyperplasia produced 
he ane See neultary extract. Note large round cell in mitosis, with distinct spindle. 
eth <n Is are rich in cytoplasm, but the nucleus is not considerably enlarged. Binucleated 
by ine t upper corner of this field. — B. Cortical hyp sia and ophy produced 
pea Piet tor Pituitary extract. Another i se 
aha is field. The nucleus in the : 

"ged their cytoplasmic lipid q 
cytoplasm, Fj B 
trophy wn Hig. E and F are ri 
rat N with beginning lipid stor 
The ote great increase in 
lipie cytoplasm ; 
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Myeloid transformation of the adrenal cortex. — A. Myeloid tissue spontaneously occurring 
in the human adrenal. Note great resemblance to experimentally produced myeloid meta 
plasia. — B. General aspect of adrenal cortex of a rat treated with LAP, testosterone and 
thyroxine. Note essentially intact glomerulosa and outermost fasciculata. The entire inner 
fasciculata and reticularis are no longer recognizable as adrenal. they assume the typical 
appearance of bone-marrow tissue (After Selye and Stone B29705/50 


ee 


Colloid formation and fibrinoid degeneration in adrenal cortex. — A. Numerous hyalin droplets 

am a adrenocortical cells of a patient who died from sepsis after tonsillitis. — B. Very fine 

‘i in droplets in a cortical sinusoid (arranged around a centrally located erythrocyte). 

= ‘al ped similar droplets in one of the endothelial cells. Such figures have been interpreted ; 

calls icating the secretion of hyalin into the blood. — Fibrinoid degeneration of a cortical 

Nii eg adrenal of a rat treated with lary methyl-testosterone. 

Fe et ‘at, within the large vacuole of this r : -develog At 

thie wections there are darkly wate ‘ it pont 
Ss hematoxylin-eosin slide, ‘on _ with 

antes,» §, hematoxylin, — 

one ict Pituitary e 
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“Lumen” formation. hyperemia and infarction in adrenals. — A. Adrenal cortex of normal 
contro! rat. — B. Numerous tubular structures in the cortex of a rat treated with crude 
anterior-pituitary extract and thyroxine. Note that the hypertrophic cortical cell columns 
surround tubule-like lumina, whose cavities are filled with disintegrating cast-off cortical 
cells and erythrocytes, The cortical sinusoids contain blood cells of normal appearance. At 
some points (one marked by arrow) these sinusoids appeared to empty their contents into 
the “lumina”, but within the latter the blood corpuscles disintegrate. — C. Infarction of the 
entire adrenal cortex in a rat treated with crude anterior-pituitary extract. This picture is 
very reminiscent of that spontaneously occurring in the Waterhouse-Friderichsen syndrome. 
It appears to arise, at least partly, due to the sudden formation of lumina, with multiple 
massive hemorrhages into their cavities; this is probably caused by endothelial damage. 
Upon macrescopic inspection these adrenals exhibit a bright red color similar to that of blood. 


(After Selye and Stone B30224/30.) 


pape: the alarm-reaction there is an almost immediate discharge of chrom- 
a ne granules from the adrenal medulla. This is merely a morphologic 
expression of the well-known adrenaline discharge caused by various emer- 


gency situations.’ During very i 
Pac y intense stress m Ils become 
pe ap any medullary cells 


Perhaps somewhat more slow 
the lipid granules of the adren 
becomes very hyperemic ** 


ly, but still during the first hour of the AR. 
é nal eine begin to be discharged, the gists 
anda its whole vascula ; ly altered. 
Ai r pattern is severely a 
= cae a these latter changes is readily distinguishable even upon naked- 
pe one oe niobate lose their characteristic yellowish 
1s due to lipid storage) and beco Bahan eee 
me reddish-brown, 
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comewhat transp . ; me pg exposure, the suprarenals 
ee be even darke idney or liver tissue. 

, The ascorbic ac ontent of the cortex likewise diminishe 
during the A-R, the hat more rapidly than the latter.’ 
The plasmalogen ortex is also depleted during the A-R 


This change runs al rallel with the loss of sudanophilic (and 


osmiophilic) lipids, | 
of the cortex, does n 

piaios* simultane< sudden loss of various stored materials, 
there is hypertrophy « 11 cells presuinably tn pd elfect 40 Snatbens 
“Shape eg 9 GESee Marked hyperplasia rarely occurs, 
aaa before the nt phase; indeed, during the early hours of the 
— aeedaa gigures are ever seen in the cortex 


»f these substances, from different regions 
oincide in the course of the A-R 


In the event of very acut ind intense stress, some cortical celis may undergo 
partial of complete cytolysis. If such cellular disintegration affects several 
adjacent cells, “lumina’’ appear ithin the cortical parenchyme. Occasionally, 


this process of lumen formation affects most of the adrenal cortex. As pre- 
viously stated, involvement of the vascular endothelia in this cytolytic process 
can open communications between the cortical sinusoids and the “lumina”. 
In this event, we may find diffuse infarction of the cortex, or "holocrine 
secretion” of disintegrating cortical cells into the sinusoids, presumably 
depending upon the relative pressures within the lumina and sinusoids 
respectively.” — Some cytolysis is quite common in the A-R, but extensive 
lumen formation and infarction tends to occur most frequently when a very 
intense, acute stress affects an already hyperplastic or exhausted adrenal 
(e.g., acute exposure to an additional new alarming stimulus in the stage of 
resistance or after chronic ACTH treatment). 

The reticulo-endothelial cells of the cortical sinusoids are usually enlarged 
and their phagocytic power is increased during the A-R.° 

During the stage of resistance the adrenal medulla regains its chromaffinity 
and the cortex its sudanophilic (osmiophilic) granule stores. The cortical 
cells remain hypertrophic and mitotic figures are more common than in the 
A-R. Cytolysis and the formation of “lumina” is unusual unless some inci- 
dental, acute alarming stimulus is superimposed upon the constant, chronic 
stress which led to the development of the resistant stage."' During this stage 
there is also a tendency to form capsular adenomas whose cells are likewise 
tich in lipids.®2 

The ascorbic acid ® and plasmalogen,™ content of the cortical 


Wise j ; : 
ise increases immediately after the 


cells like- 
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values during the stage of resistance. However, the data a erning 
the characteristic behavior of these cortical constituents are twee 
plentiful. | 

It has been our experience that all laboratory animal sj espond 
essentially in the same manner, although reviews of the pertine: erature 6s 
“a Thus, allegedly, in the fow] SUre to 


reveal some species differences. 
bvious adrenal enlargement, ut here the 


alarming stimuli caused no 0 : 
as not verified by histologic e ations 


possibility of a cortical change W 
During the stage of exhaustion very few investigators hay died the 


; structure of the adrenals. On the basis of the scanty data availab! present, 
Hy it appears that cytolysis and Jumen formation prevail. Sometim infarction 
{ and adrenal necrosis may result from vascular involvement. !’resumably 
ts extensive cytolytic phenomena are a manifestation of exhaustive stimulation 
: reminiscent of that seen in the Langerhans islets following treatment with 
i, “diabetogenic” pituitary extracts or after extensive partial pancreatectomies, 
| ih : There also tends to be a second period of storage-granule discharge resembling 
ee that of the A-R.* 

, In summary, the characteristic changes seen in the adrenal during the three 

bat stages of the G-A-S are the following: 


In the A-R: 


Chromaffin granule discharge from medulla 
Occasional cytolysis of medullary cells 
Loss of (sudan, scarlet red or osmium-tingible) lipid granules from cortex 
Loss of cholesterol from cortex 
1 Loss of plasmalogens from cortex 
Loss of ascorbic acid from cortex 
Hypertrophy of cortical cells 


t Very few mitotic figures in cortex 
ne Hypertrophy (and increased phagocytic power) of reticulo-endothelial cells 


i in cortical sinusoids 
; Cytolysis and rarely, “lumen” formation in the cortex. 


In the Stage of Resistance: 


Medulla approximately normal 

a Increased total width of cortex 
2 Increased number and sudanophilia of lipid granules 
“ Increased cholesterol content i 
Increased plasmalogen content 
Approximately normal or low ascorbic acid content 
Hypertrophy of cortical cells 
Occasional capsular adenomas 
abate mitotic figures in cortex 

xtensive cytolysis (with “lumen” i ha ifarcti on 

if exposure to a violent, new a i: penustien) 


resistance; hence these are probably phenome wal 


© Ingle A55580/42, Tee 
Tepperman and Engel 83735/42. 
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In the Stage of Ext 
Cytolytic pheno: I necrosis prevail; otherwise the changes 
resemble thos \-R. A more detailed characterization is not 
yet possible ; ly few data are available concerning 
adrenal chang‘ 


There has been co: usion in the literature concerning the func- 
tional interpretation ge and discharge from the cortex during the 
G-A-5. The presen nophilic and osmiophilic granules has been 


regarded by some ristic of increased,"* by others as a sign of 


decreased © cortical h ‘retion. 

In support of the { iew, it is emphasized that soon after hypo- 
physectomy the cortex i h in lipids, while during the A-R the lipid granules 
ie discharged; obviously, in the former case, the cortex is inactive, in the 


latter, hyperactive. Those, however, who advocate the opposite theory have 
pointed out that several months after hypophysectomy, the cortex is poor in 
lipids and that after chronic treatment with ACTH, as well as in the resistant 
phase of the G-A-S, the cortex is large and its cells contain numerous lipid 
granules, Yet, in the former case, corticoid secretion is practically at a stand- 
still, while during the latter conditions, it is greatly augmented.” 


The study of our own experimental material ™ suggested that both these 
theories are partially correct and that they are not necessarily incompatible 
with each other. It appears that a few days after hypophysectomy the lipid 
content of the cortical cells is high, presumably because the gland is not 
affected by any corticotrophic stimulus, which could cause a discharge of 
granules. The total width of the cortex is subnormal, however, due to the 
atrophy occasioned by lack of ACTH. Several months after hypophysectomy, 
this cellular atrophy becomes so severe that the lipid granules disappear, 
together with most of the cytoplasmic constituents. In other words, imme- 
diately after removal of the anterior lobe, the cortical cell can still retain its 
stores, although it does not secrete. Later, the atrophy is so pronounced that 
the cell neither stores nor secretes any significant amount of corticoids — or 
of the lipids in which these hormones are presumably dissolved. 


During acute exposure to non-specific stress (A-R) the demand for cortic- 
oids is excessive. The adrenal cortex undergoes hypertrophy to enlarge the 
_Sorticoid production plant”. Thus the wi t is increased, but 
it discharges its lipid (and presu ata : e 
meet the urgent demand. : 
Stored in the cytoplasm, 
tyPerplasia is produc 


_—_—_— 
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Following chronic exposure to non-specific stress (stage r ince) or 
treatment with ACTH, the cortex is enlarged and its cel e many, 
intensely sudanophilic, lipid granules. Under these conditions ' is, eve 
, d corticoid secretion, but aj athy sees 


nal indication of increase 


tunctio : 
to store secreti 


gland has acquired the ability 
discharge into the blood. 

In studying adrenal changes 
stand the correlation between 
functional activity. Hence, it may be w 
by a schematic diagram: 


on droplets in spi ncreased 


during the G-A-S, it is import o «gaa 
the histologic structure of the -x and its 
ell to illustrate the above interpretation 


NORMAL HYPER. 


oO No 
SECRETION 


2ECHETION SECRETION SECRETION 


DECREASED NOKMAL NORMAL xo 


STORAGE STORAGE STORAGE STORAGE 


SHORTLY AFTER ALARM REACTION, TAGE 
ACTION, STAGE OF RESISTANCE 
MYPOPHYSECTOMY pa FOLLICULOIDS acti ‘ 


y PROBABLE FUNCTIONAL SIGNIFICANCE OF THE SIZE 
-AND LIPID CONTENT OF THE ADRENAL CORTEX UNDER VARIOUS CONDITIONS 
(After Selye and Stone B30224/49) 


lt will be noted that under the experimental condi- h i " is 3 i ic: 

— we studied, the adrenal medulla does not 7 ieenoat art a a i te secompanted Uy ot 
roe aye aoe, re in size (inner circle), capable of adequate storage in spite of increased 
sermal after insicenont att jee ee is sub- secretion, while in conjunction with atrophy ("B"). 
A-R. the stage of onsen eet) er dim it implies that the ‘cortex is hypo-active, although 
he Pn en Reha Ys a ente? irs fol- can still retain its stores. — It must be kept in mind, 
granules (shaded area) can occur ‘on Sachets of course, that all these changes take some time to 
Orn) ead wypecaccive (“D”) erites in inactive develop. The large and lipid-rich adrenal cortex of 
when the cortex is simultaneous!: ear but an animal during the stage of resistance retains its 
Tor ta, egunlly tadtentive’ of ooh enlarged (““D") size and lipid granules immediately after hypophysect: 
scoditions precheling peg yperactivity under omy, although it is already inactive. Yet, we fee! 
ip combination. with atrophy TA) i sega while that this diagram helps to clarify the correlations 
flity of both storage and sec oe ee hen between the structure and function of the cortex ae 
storage is likewise compatible with both hypo- and peared tebe ie sea ith ‘bservations, if this 


‘ = ™ manner if both the width and the lipid content of the adrenal cortex 
re taken into consideration, morphologic criteria give us a fairly accurate indic- 
ation of functional activity, under diverse conditions 


Fas sayy : i ge reaction forms of the adrenal cortex in the introduc” 
et as been especially emphasized that certain stimuli may produce 
quali y distinct, specific morphologic changes oa 
caused by a dual effect: (1) an influence upon th ion of 
anterior-lobe, (2) a direct effect upon the ae 


The following diagram ma’ 

y help to visua 

jee lee penarig=" and the eeeat Ke 
cannot : ( 

pr n explained merely 
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SCHEMATIC DRAWINGS ILLUSTRATING MECHANISM THROUGH WHICH 
VARIOUS AGENTS COULD CAUSE SPECIFIC CHANGES IN THE ADRENAL CORTEX 
(After Selye and Stone B30224/49) 


Not all the interrelations depicted in these graphs in animals simultaneously receiving both corticotrophic 
be be pation as definitely proven, but the mech- anterior-lobe extracts and necrotic tissue preparations 
anisms illustrated here appear to be compatible with ~, A 
all observations made to date. The drawings ar: Graph C. Methyl-testosterone (and other testoids) 
murely latended to act as araphic ory based only decrosne,conictronsit Orga ecet, The Gea ts 
ee eas Lier eel ae an cevably due to an iohibition of ACTH secretion 
the probl ge, but. by precisely formu sulle since testoids do not interfere with adrenal eolarge- 
points ee eee id seek ae bia paanlare the ment caused by exogenous ACTH. Nevertheless, the 

Graph A.D: eooexpexyteaial Snel fatty metaplasia caused by testoids presumably results 
of follical uring the A-R or under the influence from a direct peripheral synergism between these : 
By anes loids, the platter”, is stimulated to produce steroids and ACTH: it is not seen after hypophysect- 
he Sgr ae of ACTH. The latter tends to omy and is particularly pronounced in animals simul- 
Granules, pie Arig | 2A? ae Shea taneously receiving both corticotrophic anterior-lobe 

. * ese conditions, the cortex. q t ‘ 
op enlarged, discharges its lipids. Hence, we extracts and methyl-testosterone 
through ACT that these agents do not act merely Graph D. Corticoids (e.g., DCA) cause adrenal 
grannle-di H_ production, but also exect a direct cortical atrophy. with colloid _ storage. bly. 
ies ischarging effect. through a similar mechani: They 
aes B. Widespread tissue-necrosis acts as an atrophy by ng ACTH 
ean ea and as such. increases ACTH pro- do not i “itl 
M, ‘et, it also causes lympho- and myelo- exogel 


roe ashe adrenal. This is not obtained with pure 
dea a it is assumed that this latter effect is direct. 
hom, lependent upon the adequate maintenance 

rtex by corticotrophin. It cannot pta 


alter hypophysectomy and is particularly 


The adrenal 
‘in agreement wi 
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Q2 

fact that the resulting icterus Is especially effective in produc AS 
. : } "I S P te SP iaich : 
However, various other specific surgical iiemeetons, eae toma 
the stomach ™* or ligature of the pylorus,* nee oo 1 ALR 
changes in the adrenals. Hence it is highly probable that, here we Be 


merely dealing with the effects of systemic stress. | 

Similar changes occurred in the adrenals of dogs subjected | imental 
trauma; here again they have been interpreted as a manil of the 
resulting A-R."" 

It has been found, furthermore, that in the course of an A-R iced by 
trauma, the ascorbic acid concentration of the adrenals decreas variola 
species.” During tourniquet shock in rats, an increase in adr ize was 
accompanied by a rise in protein, phospholipid and water conten hile the 
neutral fat, free and ester cholesterol content was diminished. In tl S series 
the above changes coincided with an increase in “adrenal ketoster« (2) as 
judged by Bennett's phenylhydrazine test. These observations confirm that in 
certain stages of the G-A-S, there may be a dissociation between the response 
of the various lipid fractions and the phenylhydrazine-positive material. 


Special emphasis was placed upon the frequent occurrence of “lumen” form- 
ation following traumatic injury in man. This is a consequence of cytolysis 
for which post-mortem autolysis can not account.” The degranulation of 
adreno-cortical cells, their disintegration and the frequency of focal necroses 
in the suprarenal parenchyme of patients who died of secondary traumatic 
shock, were recognized as being similar to those which we produced during 
the A-R in animals.” 


Adrenal hemorrhage is less common in man following surgical interven- 
tions; 78 while in the cat, adrenal congestion and hemorrhages are conspicuous 
after trauma.” 


After an acute hemorrhage, the adrenal cortex of the rat is enlarged; its 
ascorbic acid, cholesterol and sudanophilic lipids are discharged in this order. 
The fall in ascorbic acid and cholesterol content is so rapid that it may reach 
its lowest point between two to seven hours after bleeding, returning to, oF 
above normal within 24 hours. It is reasonable to assume that hemorrhage acts 
upon these adrenal constituents through the intermediary of the anterior-lobe, 
because essentially similar changes in adrenal ascorbic acid and cholesterol 


have been obtained with purified ACTH, while h h ts this 
effect of bleeding.” a ee 


Extensive burns also elicit all the changes characteristic of the G-A-S and, 
being an acute stimulus, mainly those of the A-R.*! Enlargement of the cortex 
with discharge of sudanophilic lipids has been seen in various animal species-” 


Pronounced hyperemia sometimes accompanied by hemorrhages was noted in 
the cat.** 


ib po cP del gor = i" Moai BI9951/48 : — 
and Matteini B37478/49, B37479/49, 7 iar, 
rasGron B46501 /49. 149 ye Kena 90600/31, Lewis B8442/21. 
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There is a particularly rapid loss of adrenal eee ns in the 
rat.*? Both in guinea-pigs $5 and in rats awe Sag os : Y Severe, 
but more rapidly developing, drop in ascorbic eh. J as be ided that 
these changes in “-.. adrenal cholesterol and ye ie acid ¢ ppeanie 
be manifestations of the adaptation syndrome following injury 

In man. fatal burns cause essentially similar changes.** alth jtolytic a 
and hemorrhagic” phenomena may predominate to such an e hat fatal, 
acute hypocorticoidism results. This condition, which is somew! miniseent 
of the Waterhouse-Friderichsen syndrome, often occurs in ition with 
other manifestations of the A-R, especially gastric ulcers, thy ymphatie 
involution and hemoconcentration. 

Short exposure to extreme cold likewise causes typical A-R changes in the 
adrenals, especially in animals sensitized to stress by starv: L Tneehe 
rat ® and in various other species ** this is accompanied by a sudden discharge 
of adrenaline from the medulla. 

During the A-R, the cholesterol content of the rat adrenal falls rapidly 


within the first few hours, but after 24 to 72 hours of exposure to cold, it returns 
to. or above, normal, presumably because the stage of resistance ensues.®* 
A similar drop, followed by an increase in adrenal ascorbic acid concentration 
was noted in the guinea-pig and rat."* but both the initial drop and the subse- 
quent rise in the ascorbic acid precede the corresponding variations in adrenal 
cholesterol." 

From relevant studies on guinea-pigs it was concluded futhermore “... that 
the relation between ascorbic acid content in the adrenals and the process of 
acclimatization to cold temperatures, as described here, postulates the probable 
beneficial effect of that vitamin for animals unable to synthesize it, in all cases 
where the response of those organisms to a stress of some sort (toxic effects, 
intense work, and all damaging agents causing the ‘alarm reaction”) involves 
some activity of the cortex of the adrenal glands, Animals about to die (at 
cold temperatures) have much less ascorbic acid in their adrenals than control 
animals kept at room temperature’’."* 


In rats, frostbite, produced by local freezing of the tail, causes an initial 
depletion of adrenal lipids followed by excessive lipid-storage.*® 

Acute exposure of rats to intense heat (induced by ultra-high-frequency 
radio emanations) caused marked hyperemia of the adrenals with little change 


*¢ Harkins 91182/44, 
Harkins and Long 87814/45, 
Long 98425/47, 
Ludewig and Chanutin B2706/47, 
Sayers B35911/49. 
rs ag saa ke 
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; lipid distribution posure however, the cortical sudanophilic- 
; ‘4 content was gi [hese findings were interpreted as essen- 
ipid > G-A-S ‘ 
E consonant W! the G-A-S produced by other stressors.” 


‘ lly E 42 . 
. ie rabbit, fever liatherm or radiotherm) caused marked 


fepletion of adren isive cortical necrosis. 


In men dying ¢ 
’ formation | 


the > y Fa $ 
therapeutic pyrexia”, focal necrosis and 
Bo nncae 

Engorgement of the sinusoids is the rule 


“Iumen’ rae 
after short exposurt elative ischemia is frequent. Hemorrhages 
are common but ust n confined to the capsule and the cortico-medul- 


lary border zone. 
Eposume to X-rAyS: lly if large parts of the body are affected, causes 


typical G-A-S chang in the adrenal. Enlargement of the gland with loss 


of lipid granules was s in the rabbit 1 and rat.’ 

The adrenal sudanophilic lipid and cholesterol concentration is markedly, 
and rapidly, diminished by x-irradiation in the mouse ™! and rat.’® In the 
rat, a remarkable decrease in adrenal cholesterol has been observed as soon as 


3 to 6 hours following x-irradiation, while after 7 to 8 days the adrenal-chol- 
esterol levels were very significantly above normal. The results of this latter 
series were examined in the light of the G-A-S hypothesis. The acute chol- 
esterol depletion was considered to resemble that of the A-R, but the charact- 
eristics of the resistant phase were apparently not taken into account, since 
the delayed increase in adrenal cholesterol was interpreted as follows: “This 
may be a result of prolonged stimulation of the adrenal cortex, indicating either 
a maintained, increased cortical activity or actually a decrease in activity due 
perhaps to a type of exhaustion. In this connection it is interesting to note that 
injection of pituitary adrenotrophic hormone over a period of three days also 
results in an elevated adrenal cholesterol".!°° It may be well to re-emphasize 
therefore that an increase in adrenal cholesterol is characteristic of the resistant 
stage; it is presumably due to the fact that ACTH secretion is high at this 
time, irrespective of the agent which elicits the G-A-S. 


In rats the ascorbic acid content of the adrenals shows the same variations 
after x-irradiation as after other stressors.’ 


In connection with deaths due to the radiation effects of atomic explosion, it 
is interesting that allegedly, here the adrenals showed no progressive changes 
characteristic of the G-A-S, but predominantly signs of damage. They were 
usually depleted of lipids but, in patients who survived for more than a month, 
the cortex became extremely thin. “Microscopically, most cells were granular 
rather than foamy and the atrophy was most marked in e sation. 
glomerulosa, contrary to what was d eas were s 
€y were usually in the inner 
J Electric injury, 
increase cortical 
Owever, this 
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; j 4 > excretion, et | 
ria (blood-count, uric acid and creatinine excte igh the 


crite 
ication dealing with th 


brief commun is subject does not definit so, 100 
- - > Pec > . si G / Cc 
Nervous stimuli are partic ularly effective in causing G \ ta the 


adrenal. This has been emphasized ever since the first ex on the 
A-R. In rats (especially if sensitized by fasting) transection o il cord 
at the level of the first thoracic vertebra proved to be extraorc ctive in 
causing marked hyperemia and enlargement of the adrenal oss ol 
sudanophilic lipids discharge of chromaffin granules trom the ¢ edulla, 
actual necrosis of medullary cells." Similar che ve also 
been noted after mere immobilization of a rat by tying it dow: oardau 
It has been claimed that the adrenal enlargement caused by spi transec- 
on in the rat cannot be prevented by maintaining the body iture,t2 
activity, incident to various types of s stimul- 
eliciting factor, since, atter spinal cor« nsection, 

ctually prevented in a large part of the \ 
An initial fall, followed by a rise, in adrenal ascorbic acid and cholesterol 
juced in rats by intense sound or light *** ven under 


by stimulation of the sciatic and brachial nerves.'"* These 

manifest within 30 minutes and resembled those obtained 
at: J “ ‘Bu 

rming stimuli or treatment with ACTH 


Jenervation of the carotid sinus caused pronounced 
j m in the glomerulosa. This was inter- 
ical secretion, especially since, in one 
sinus caused a pronounced increase 
7 bi 3245 The evaluation of 


f the G-A-S have also been described in 
camps during World War II.1** However 
presumably complicated the effects of 


@ agents routinely employed 
oduction of G-A-S changes 

fasting. it elicits loss of 
oxcassonally. extensive necroses of medullary tissue 


al enlargement with lipid discharge.* 
iatease muscular activity causes adrenal enlargement in various 


. but it was then regarded as a rather 
a general defense reaction.*** Most 
alue of this adrenal enlargement specific- 
Siology cf muscular exercise.!* 
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oup of wo the opinion that the experiments which 


e gr 

we o consider th ‘ment as due to an A-R are not convincing 
led a> did not 1 hem to this conclusion. Following forced 
put ce the changé ind chemical composition of the adrenal 
Se reially he s: ysure to any other alarming stimulus, hence 
are Rit cance ea the contrary, we would hesitate to regard 


in the : 
this adrenal enlarg« i 
in the rat, the adrenal becomes extremely 


Our investigation 
muscular exercise, that is, at a time corres- 


remic during th 


hype : 
ponding to the A-R nents on guinea-pigs showed that as a result 
dtr the number of the cortical sinusoids and their 


of long continued tré 
blood content increas 
changes are also simi 


ially in the fasciculata region.!** These vascular 
hose observed upon exposure to other alarming 


stimuli, 
Numerous experimental observations, in various animals, show that sudden, 


intense muscular fatigue causes depletion in cortical sudanophilic lipids, while 
during subsequent rest, o1 after adaptation to prolonged muscular activity, an 
inverse reaction takes place.!* Complete disappearance of birefringent material 
from the cortex was also seen in a man who suftered from Huntington's chorea 
for five years.1** A similar depletion of cortical lipids was often reported in 
patients with prolonged motor agitation due to various diseases.1*5 One wonders 
whether this is due to exhaustion or to some conditioning factor which interferes 


with the usual lipid storage characteristic of the resistant stage. 


It has been claimed, on the basis of experiments in rabbits, that the total 
phosphorus content of the adrenal may rise as much as 500¢¢ during muscular 
fatique2** In view of the paucity of pertinent data it would be premature to 
attempt an interpretation of this finding in relation to the G-A-S. 


The ascorbic acid #27 and cholesterol #28 determinations in the adrenals of 
exercised animals revealed an initial decrease followed by an increase, that 
is, a response characteristic of the G-A-S. It has been especially emphasized 
that the initial fall in cholesterol is principally due to a depletion of the esterified 
fraction and is not necessarily accompanied by a corresponding reduction in the 
amount of total lipid.?** 


Much has been written about the effect of anoxia and asphyxia upon the 
adrenal cortex."%° An enlargement of the adrenals in the rabbit,*! and rat ** 
has quite consistently been noted upon exposure to decreased barometric 
Pressure, and several authors pointed out that this is merely part of the result- 
wn Rorényi and Hajdu A56945/42 
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ing A-R."™ Only one investigator reported an absolute los | weight 
in rats exposed to brief anoxia. He concluded that “this is prol calm 
of tissue, since the water content is actually increased and hist examin. 
ation reveals areas of necrosis, exhaustion, atrophy and Siar 
cytolytic phenomena are quite characteristic of very intens -actions, 
these observations are not in contradiction with the generall ed sit 
that the response of the adrenal to anoxia is essentially the sam« ny other 
stressor. 

It has been suggested that, in the case of reduced bar« pressure, 
acapnia, not anoxia is the most important factor. Rats subject lecreased 
barometric pressure in the presence of 15% COz allegedly did n: velop any 
adrenal hypertrophy.’ Here, it was felt, that the CO, prevented a disturbance 
in the acid-base balance and “that the adrenal cortex is stimula by either 
a relative or absolute increase in basic cations or acidic anions However, 
subsequent investigations, in animals in which an A-R was produced by spinal 
cord transection, failed to reveal any consistent inhibition of the adrenal 


response to decreased atmospheric pressure by excess COs. Indeed, a great 
excess in atmospheric COs» in itself proved to be capable of causing adrenal 
enlargement. It was concluded that these results “disproved the possibility 
that an alkaline shift of the acid-base balance is the necessary prerequisite 
for the development of the alarm-reaction, as the response of the organs 
(adrenals, spleen, thymus and lymph nodes) was of the same order in animals 
submitted to high and normal carbon-dioxide tensions. The adrenal cortical 
hyperplasia as well as the lymphatic tissue involution of the animals exposed, 
without other change in their environment, to a high carbon-dioxide atmospheric 
tension, imply that this factor is, in itself. an alarming stimulus, perhaps through 
its action on the acid-base balance of the blood”’.*%* 

Extensive investigations concerning changes in adrenal lipids (sudanophilic 
and osmiophilic) of animals exposed to anoxia and asphyxia, also led to 
results consistent with the view that these are merely manifestations of the 
G-A-S.198 In the rat, histologic evidence of adrenal-lipid depletion was found 
within two hours, and reached its maximum after about 48 hours of exposure 
to reduced atmospheric pressure (equivalent to 20-25,000 ft.). Recovery of 
cortical lipids was apparently complete within 7 days, even though exposure 
to the same degree of anoxia was continued throughout the experiment." 
alpha pans chronic experiments, the initial lipid depletion of the cortex 

y an increase above normal after six weeks of repeated dis- 
continuous exposure. It was concluded that “these changes in the adrenal 
erg ape with changes in other organs, suggest that adaptation to con” 

po 1p | pete may result from discontinuous exposures ses 
glomerulosa, when all eeaeitie rae et Se eee — ee 
OA iedndsocan, se ; ne are lost from the fasciculata a 
pega see ar ry of lipids was noted as soon as five hours after suc 
e numerous other alarming stimuli cause essentially similar 


adrenal changes, all these observa 1ons a Ww he heory that anoxia 
t 
gree ith t t 


18 Doban A37744/42, : 
ngley and Clarke 3317! 
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iis jong-lastin xposure to reduced atmospheric pressure 
confirmed that ther -nlargement, increased lipid storage and 
hyperemia of all « haracteristic of the resistant stage. After 
ian 200 days. h sets in and there is depletion of lipids 


in rats which had lost their adaptation”.*** 


in the zona glomeru! 
and ascorbic acid ™‘ are essentially the 


The changes in ac 
same following anox 
followed by a secon | 
The chromaffin ce" medulla likewise exhibit typical A-R changes 
ion of atmospheric pressure.’*” 


ther alarming stimuli; an initial decrease is 
to or above normal levels. 


in rats exposed to acut 
A great variety of dis« 
characteristic of the ¢ 


s have been shown to cause adrenal changes more 
than of any specific pathogenic agent. Several 


investigators pointed out, for instance, that the effect upon the suprarenals 
of various acute infections is similar to that of traumatic injury, poisoning, burns 
and other stressors.'*" 

Because of the great importance of the adrenal in the defense against disease 


we shall review the pertinent literature in some detail. In keeping with our 
approach to this problem, relevant data will be classified according to the most 
prominent adrenal change and not the causative pathogenic agent. This man- 
ner of presentation will help to examine how far the facts agree with our tenet 
that the adrenal changes seen in spontaneous diseases — as those caused by 
various other stressors — depend partly upon the specific actions of pathogenic 
agents (“conditioning” of response to ACTH), but largely upon the duration 
and intensity of the stress they cause. 

The most prominent adrenal change following acute infections is the enlarge- 
ment of the cortex with hyperemia. loss of lipid granules and often necrosis or 
hemorrhages. More chronic infections, which permit some degree of adapta- 
tion, also tend to cause enlargement of the cortex, but this is usually accom~- 
panied by marked lipid storage unless the patient dies during an acute exacerba- 
tion of the disease, which superimposes an A-R upon the resistant phase. In 
support of this interpretation one might quote the adrenal changes observed 
in typhoid fever,!47 yellow fever,!'® spotted fever,1#9 generalized purulent peri- 
tonitis,° scarlet fever,1*! measles,’ protozoan infections 18 and a variety of 
other spontaneous infections of man ox experimental infections in animals.'* 
Similar lesions occur in acute porphyria.'** Indeed most of the figures given for 
As mecight of the normal adrenal are probably much too high, because they are 
argely based on glands taken from patients who died from diseases hitherto 
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not considered to have any bearing upon adrenal structur: baste 
of a study including over 800 cases, it has been shown that th human 
adrenals rarely exceed the weight of 10-12 gm. in healthy yo lividuale 
whose death was due to a sudden accident. On the other hand esult of 
various diseases, especially systemic infections, the adrenal ay tise 
to 15-30 gm."" 

The often quite enormous adrenal enlargement in newbo its with 
erythroblastosis feetalis, though unexplained, deserves special 157 

In rabbits in which rheumatic fever-like cardiac lesions v cited by 
group-A streptococci the adreno-cortical enlargement was « lly pro- 
nounced.'** Rats bearing transplantable lymphosarcomas likewi we large 
adrenals, especially when the tumors regress.‘* It would be sting to 
examine whether here the development of rheumatic changes and tl >gression 
of the tumors are causally related to the adrenal stimulation. 

In chronic diseases, especially in hypertensive, cardiovascular and renal 


diseases, enlargement of the cortex and adenomatosis is usually associated with 
increased lipid and cholesterol storage (see p. 314). 


Adrenal hyperemia has been singled out as one of the prominent systemic 
manifestations of diphtheria ! ever since the earliest pertinent animal exper- 
iments of Roux and Yersin. 1°! It has also been shown to occur in almost every 
other infection and especially in those causing acute systemic stress, e.g. 
cholera.'* : 


This hyperemia is usually accompanied by hemorrhages, necroses, granule- 
discharge and other typical A-R changes. 


More or less extensive hemorrhages are commonly found in the adrenals 
of patients dying from a great variety of infectious diseases,” particularly 


those which cause marked derangements in blood-coagulation or capillary 
resistance. 


Especially pronounced and usually bilateral adrenal hemorrhages — a vert- 
itable apoplexy of the adrenals” — is characteristic of the so-called Water- 
house-Friderichsen syndrome, This condition is almost always caused by @ 
fulminating meningococcus septicemia. It is usually associated with other pur- 
puric manifestations (for instance, in the skin), and is often fatal unless ade- 
quate, early therapy with sulpha drugs or penicillin is instituted. The manifest- 
ations of this syndrome are so reminiscent of acute adrenal insufficiency that 
oe anit, regarded the adrenal hemorrhages as the cause of a partic- 
= y nigh i eae The apparently great value of corticoid therapy 
+ el x lbw =a is ae is in keeping with such an interpretation. 
ce ase . a renal changes resemble those which we have experi- 
reese Regn : y very intense and acute stressors. Particularly, they recall 

emorrhages and necroses seen in animals exposed to acute stress at 


a time when their suprarenals were already enlarged and hyperemic, due to 
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Washed meningococci (living or dead) are highly effective jucing 
zed Shwartzman phenomenon . It is interesting to n erefore 
aterhouse-Friderichsen s 1¢ have 
acterial filtrates and (li lead) 


166 


the “generali 
that lesions similar to those seen in the W. 
been reproduced in rabbits by injecting b 
washed meningococci, in two injections 24 hours apart. 


Significantly, not all cases of the so-called Waterhouse-Fridk -n syn- 
drome are due to the meningococcus. More or less diffuse hemorr infare- 
tion of the adrenals, with essentially similar clinical manifestatior an Occur 
in: malignant diphtheria," streptococcus infection,?°® scarlet fever’ anthrax,1% 
typhoid fever,’ Friedlander bacillus,’ dysentery,?** pneumococcus, influen- 
za,“ suppurative mastoiditis,!”° puerperal complications *** and a variety of 
other acute fulminating infections.’ Somewhat similar adrenal hemorrhages 


with purpura occur following exposure of the whole body to ionizing radia- 
tions (see above), injury of the newborn during delivery,” chronic nephritis,’ 
intestinal occlusion,’®! malignant hypertension,'** severe jaundice,’ intoxic- 
ation with insulin '** or various other drugs causing intense systemic damage.!*% 


In one series of 119 cases 18° less than 23% were ascribed to meningococcus 
infection, yet in general, this is by far the most common etiologic agent. 
Presumably the syndrome develops whenever an intense A-R (non-specific 
component) occurs in combination with purpura (specific conditioning factor). 


More or less extensive adrenal necrosis follows quite regularly after the 
above-mentioned hemorrhagic infarction, if the patient survives long enough. 
Quite frequently, however, acute focal necrosis of certain adrenal areas also 
occurs without any marked hemorrhage; for instance in medical shock '? 
varicella,!*8 typhoid,'** dysentery **° and many other infectious diseases.' 


In one published case, meningococcus encephalitis appears to have terminated 
in a syndrome of ‘multiple endocrine gland sclerosis’’, with particularly marked 
adrenal and pituitary atrophy." It is possible that here we are dealing with 
an “exhaustion atrophy” due to excessive stimulation. 


Periarteritis nodosa, experimentally produced by LAP or DCA, is likewise 
conducive to adrenal necrosis (see p. 338). It is interesting therefore that in 
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f old age (arteriosc! = 
0 d to excessive wn the adreno-cortical function.”” Since such 


n of “lumina” is quite common In the 
tients who died of acute systemic infec- 


n pregnancy and the so-called diseases 


ascribe 5 
jumina appeat 19 Eo 

_ infections, wou! I 
(69 estation of the A-R n.%8 (CE. 296, 303.) . 

Much has been writt concerning the development of a functional hypo- 
corticoidism in patients and € <perimental animals infected with malaria. This 
often accompanied by more or less extensive cytolytic and degenerative 
he adrenals, lesions which are reminiscent of the suprarenal dam- 
age characteristic of the stage of exhaustion. More extensive anatomic studies 
would be required to establish the exact relationship of these adrenal changes 
with the G-A-S; however, the pertinent literature suggests that malaria has a 


196 


xposure to a variety of fatal systemic stress 


hey have been recognized as a rather typical 


is 
changes in t 


special tendency to cause adrenal exhaustion. 

Hypertrophy, hyperplasia and adenomatosis of the adrenal cortex, with 
increased storage of lipid and particularly cholesterol granules, have frequently 
been described as characteristic of hypertension, arteriosclerosis, and chronic 
renal diseases in man.'"" Indeed an increase in the lipid (especially cholesterol) 
content of the adrenal is common in hypertension and chronic renal disease, 
even if the cortex is not significantly enlarged.1** 

Of course not all patients with “essential” hypertension show manifest 
adrenal changes and conversely, adrenal-cortical enlargement is not necessarily 
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Pa i alte i htheria © DB. Con.” In man iriou cute 
conducive to hypertension.’™ This does not alter th tomic with diph on , Rothe nie arreig 
changes in the cortex (hyperplasia, adenomas and lipid lar fo infections likewi i dy * Granules. Sev ral 
those characteristic of the ‘stage of resistance’, are unusu 10n in investigators point I e of infection the loss of 
hypertensive, cardiovascular and renal diseases. Significa at the lipids does not a rt — 1 all layer | f he cortex 
pertinent observations have been published much before tl t ofaee Indeed the lipic come vé sular and spotty 
‘diseases of adaptation" could have influenced their evaluati: under such conditio treme stré site y=7val lined: al 
In patients with chronically increased intracranial presst hilia of lipid granules are © 
the anterior-lobe and hyperplasia of the adrenal cortex a1 lly also A recent review « 1 to ‘he conclusion that : 
common.” This may play a part in the arterial hypertensi wo content and the su il of human adrenal glands vary 
quently associated with lesions causing a rise in intracranial pi under different circt general being low in patients with 
‘ { in those with chronic debilitating diseases 


infections, moderate! 


and cancer, and high vho die of cardio-renal disorders” 
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therapeu ic measure, in th corticoidism may be involvec 
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the pathogenesis of the vascular derangement 20 
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occurs in Newaygo bape ‘ni cortical lipids (corresponding to the A-R) 
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revealed that sudanophilia. phenylhydrazine reaction, biref: aah 
fluorescence and the chemically determined cholesterol conte: roughly 
parallel one another. It has been concluded that the degree ction of 
the changes observed in human material are generally in aqr vith the 
corresponding changes seen during the A-R in animals.*"" 

Lymphatic leukemia (spontaneous oF transmitted) in mi llegedly 
associated with an especially marked decrease in adrenal-ch ol,2°° but 
the significance of this observation cannot yet be evaluated. 

The plasmalogen content of the adrenal was found to rise und influence 
of diphtheria toxin treatment just as after corticotrophin injection.“"* This 
observation likewise agrees with the view that the adrenal chan caused by 
bacterial toxins are essentially similar to those produced by othe essors, _ 

In guinea pigs inoculated with diphtheria toxin *!° and in rats infected with 
B Coli, B. Tularense 7"! or trypanosoma hippicum, the ascorbic acid concen- 
tration of the adrenals was found to be diminished.** Here as in man, suffering 


from a variety of infectious diseases, the loss of adrenal ascorbic acid roughly 
paralleled that of lipids *"* (cf. bacterial toxins, p. 322). 


The formation of “round cell infiltration islets”, corresponding to foci of 
lymphatic and myeloid elements, has recently been reviewed,*"* hence we need 
not discuss the pertinent literature in great detail here. Suffice it to say that, 
both in man and in experimental animals, such infiltrations occur with particular 
frequency and intensity if there is much tissue necrosis, in addition to non- 
specific systemic stress.*!° Apparently, the products absorbed from necrotic 
tissue condition the response of the adrenal to corticotrophin in such a manner 
that lymphatic and hemopoietic elements are formed. In keeping with this 
interpretation, neoplasms tend to cause lymphatic or myeloid infiltration islets 
in the adrenals only when they undergo extensive liquefaction necrosis.” 


Significantly some pathologists claim that such lymphoid infiltration is also 
common in hypertensive patients.*!* 


A particularly pronounced stimulation of the reticulo-endothelial apparatus 


in the adrenals of animals bearing transplanted tumors has likewise been 
described.*!* 


The so-called “epinephritis”, in man suffering from scarlet fever *!° and other 
types of acute infections,“” may be related to these lymphocytic and myeloid 
infiltrations, since the latter also tend to contain polymorphonuclear leucocytes: 


In addition to the above mentioned infiltrations (presumably specific effects 
of necrosis), experimental tumors also induce changes in the size, lipid content 
and histologic structure of the adrenals, which are merely due to systemic 
stress as such and resemble those elicited by other alarming stimuli.*”! The 
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15 not yet been established. 


i ationship 
gsible relatio : | 
D0: | medulla have also been described in 


Characteristic char 
various spontaneous ‘ 


In fulminating infections (e.g., malignant 


scarlet fever), loss of ch y is | irticularly striking.2* This corresponds 
id the adrenaline disc! I fia R 

In cases of hyperten on the other hand, hyperplasia of the medulla is 
allegedly of common occt Ta It is true that some pathologists *°* refuted 
the theory according to which adreno-medullary changes play an important 
role in clinical hypertension but it is noteworthy that even in their material, 
eleven of thirty-five cases with hypertension exhibited hypertrophy of the 


medulla. It is an uncontested fact, of course, that chromaffinomas and diffuse 
hyperplasia of the adrenal medulla can lead to hyperadrenalinism with a 
paroxysmal or even persistant, rise in blood-pressure; 228 ‘The question is only 
how often proliferative changes in the medulla participate in the etiology of 
the common types of clinical hypertension. In recent years hyperadrenalinism 
has been somewhat neglected as a possible etiologic factor in essential hyper- 
tension; yet many of the above publications suggest that proliferative changes 
in the adrenal medulla are quite common in patients who die of what appears 
to be essential or renal hypertension. 

In this connection, it may be well to mention, furthermore, that even if there 
is no great enlargement or adenoma formation in the medulla, certain signs of 
hyperactivity (e.g., dilatation of the sinusoids with swelling of their endothelium, 
intense vacuolization of medullary cells, enlargement of the nuclei and formation 
of giant cells) are quite regularly seen, both in animals and in man, following 
treatment with bacterial toxins, infections and other stressors.?”° 

The systemic stress occasioned by various serologic reactions (e¢.g., ana- 
phylaxis, allergy, administration of toxic sera) tends to cause typical G-A-S 
changes in various organs including the adrenals.28° In some instances these 
are difficult to differentiate from the allegedly specific cytolytic effects of so- 
called anti-adrenal “cytotoxic sera”. 

Tei large variety of drugs capable of producing systemic stress, have been 
Shown to elicit typical G-A-S changes in the adi s. Among these, subcut- 
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1 with protein precipitants (e.g., formalin or « utonomic 


aneous injectior eer woh 
adrenaline and narcotics (¢.g., morp! ere found 


drugs [e.g., atropine, 


to be particularly effective.” Curiously, in new ly i see he adrenal 

failed to respond to treatment with various toxic eam lth -XOgenoys 
-aused marked suprarenal enlargement. erhaps early a 

ACTH caused m p ms 


the hypophysis of the fow! does not yet respond to stress, alt he adrenal 


is already quite sensitive to corticotrophin. 


It would hardly be profitable to discuss the entire pertinent lit e in detail, 
since the effect of all drugs is fundamentally similar as long as t ire given in 
doses conducive to comparable degrees of systemic stress. W hall merely 
mention (in alphabetic order) the changes caused by compour vhose effect 
upon the adrenals appears to be of special interest; for data concerning chem- 
icals which may be regarded as food constituents, the reader is referred to the 


next section (cf. Diet, p. 323). 

It has been mentioned that certain manifestations of alloxan intoxication 
are reminiscent of an acute A-R. It is of interest, therefore, that in rabbits 
receiving high doses of this compound, necrosis of cortical cells as well as 
infiltration with polymorphonuclear neutrophilic and eosinophilic leucocytes 
often develop concurrently with diabetes and hyperlipemia.*** In rats, adrenal 
enlargement with a sudden discharge of adrenaline, ascorbic acid and cholesterol 
was found to occur immediately after alloxan injection,*** while in otherwise 
similar chronic experiments the lipid content of the cortex rose.?°> Similar 
lesions occur in dogs.”*® These and other *®” observations agree with the inter- 
pretation that alloxan — like so many other drugs — causes adrenal changes 
due to its stressor effect and that during the stage of resistance, some of these 
are actually the reverse of what is seen during the A-R.2*8 


Most experimenters found the adrenal medulla unchanged in alloxan-intoxic- 
ated animals, although, occasionally, in the rabbit, cytoplasmic vacuolization 
and mild cytolytic phenomena may occur.*** 


It is especially noteworthy that anesthetics can also cause G-A-S changes 
in the adrenals. This suggests that such lesions are not necessarily due to 


exaggerated nervous activity, although nervous system stimulants can also elicit 
them. 


During profound chloroform anesthesia, the chromaffinity of the medulla 
and the lipid content of the cortex diminish in the guinea pig.2*° Barbiturates 
can likewise cause adrenal enlargement with typical A-R changes.2#! In view 
of the fact that, in near physiologic doses, corticoids cause compensatory 
atrophy of the adrenal, it is especially interesting that DCA — in amounts 
sufficient to cause general anesthesia — elicits marked enlargement of the 


adrenal cortex, with loss of its lipids and ascorbic acid, that is, changes typical 
of the A-R.2#" J f 
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It is noteworthy , oP nin to produce lymphopenia 
does not alter the « ol the adrenals in the rat; indeed it 
i gedly prevents drenal-ascorbic acid normally elicited by 
Saline administi ble bearing of this finding upon the concept 
adrené 


of the G-A-S has b s not yet clear,?4% 


Among the so-cal! 
stressor action. In cute intoxication it causes marked adrenal 
enlargement with dis tical lipids both in the rat 74 and in man.** 
It will be recalled that | of the caryoclastic drugs” (e.g., tripaflavin, 

nost stressors in that they cause thymus 
of the adrenals (as do ionizing radiations, 


ic poisons, colchicine has a very pronounced 


sodium cacodylate ) 
involution even in th 


steroids and certain ves! ts); nevertheless, as far as is known at present, 
their action upon the adrenals is essentially the same as that of other alarming 
stimuli, 


Cholesterol feeding leads to enlargement with a marked increase in the 
lipid (especially cholesterol) content of the adrenal cortex in the guinea pig.** 
Most investigators agree that this is chiefly due to cholesterol storage. It leads 
to the formation of ‘pseudoxanthoma”’ cells in the adrenal cortex. Similar 
elements appear in the rabbit adrenal after feeding with egg yolk, lanoline 
and olive oil.247 It has been claimed ** that in rabbits fed with cholesterol, 
23% of the total increase in adrenal weight is due to deposition of the sterol. 
The storage is greater in males although normally, the adrenals of females are 
richer in cholesterol. Here the medulla showed no change, but occasionally, 
myelocyte-like cells appeared in the cortex under the influence of chronic 
cholestrol treatment.2"” In hamsters, cholesterol feeding likewise results in the 
storage of this lipid by the adreno-cortical cells.*** 


Contrary to what happens in the guinea pig and rabbit, the changes are 
moderate in the rat; 2°° in the mouse 2°! the cholesterol content of the adrenal 


does not increase under the influence of cholesterol feeding. 


All these findings suggest that cholesterol, as one of the “macromolecular 
substances” (mentioned below), produces a very specific type of thesaurosis. 
An enlargement due to such storage must not be confused with the G-A-S 
changes. 


Sodium cyanide, administered in repeated sublethal doses to rats, causes 
adrenal hypertrophy with lipid depletion in the inner zones of the cortex.?5? 
pertonic glucose to cats resulted in a 
0 o have a greater adrenal 
t (cf. stressors), 
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A-R Change 
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in the rat,?°* presumably again m 
non-specific stress. Ca | 
Intravenous injection of certain Beer sorcenlae su 
gum arabic elicit what has been termed a on ecu natologic on 
" ery cytes < emoglobin, ac: 3 
drome” (reduction of erythrocytes and > a , erythroons 
sedimentation rate, transitory leucopenia, persistent leuco or leucopenis 
and reduction of serum proteins). Gum arabic cannot be rei we completely 


es Such as 


depolymerized in the body; hence following intravenous tion, the sub. 
stance is stored in the reticulo-endothelial system in the form of ‘foam cells” 
which are often very prominent both in the medulla and in the cortex of the 
adrenals.2** Although this response may be accompanied by typical G-A-s 


manifestations in the suprarenal, the thesaurosis itself is a specific reaction. 


Nicotine intoxication received a great deal of attention because this drug 
effects a marked adrenaline discharge from the medulla and can elicit arterio- 
sclerotic lesions in various animal species, perhaps even in man. It has been 
claimed that in the rat, chronic nicotine intoxication leads to adenomatous 
proliferations in the adrenal medulla *” as well as signs of increased adrenaline 
discharge.* Yet some rats can tolerate comparatively large doses of nicotine 
without any obvious adrenal change.**? In the dog *°* and guinea-pig, prolifer- 
ative changes in the medulla, with signs of increased adrenaline production, 
have also been noted.*** One investigator reported that in guinea-pigs receiving 


chronic nicotine injections, the ascorbic acid content of the adrenals rises in 
proportion to the dose.*"" 


Considerable attention has been given in recent years to adrenal changes 
caused by various organic sulfur derivatives and especially the thioureas. 
It was found, in the rat, that addition of 1% thiourea to drinking water pro- 
duced adrenal atrophy, simultaneously with signs of hypothyroidism." After 
three or four months of treatment with thiouracil, all three layers of the cortex 
showed considerable involution, with marked lipid deposition in the fasciculata; 
occasionally, there were hemorrhages and cysts in the reticularis. Simulta- 
neously, there is a progressive increase in the size of the adrenal medulla 
(50% or more), This latter change is difficult to interpret, but it is significant 
that the medullary cells become very chromaffinic and rich in adrenaline. The 
cortical involution “may be regarded in large measure as an extreme attempt 


of compensation probably due to d ‘ aig 
i ; epressi i ic factor, 
since the cortex of pression of the adrenocorticotroph 
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trophy i Mol production of adreno-cortical atrophy with thioureas has 
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Oe ac ntal obser jgest that certain sulfur-containing compounds 
ee el nal 2" or st yanate 2" are concentrated in the adrenal cortex 

te er admini especially when free elimination is prevented. 

is topship between the ortical atrophy produced by these organic sulfur 

fe Pads and the so-called “toxic involution” (produced by DDD and 

eo eato see below) would well deserve further study. 

irons yvesicants (e.g., the nitrogen mustards or “‘yperite”’, ‘‘arsine’’) and 


asphyxiating combat gases (“‘phosgene”’, “chloropicrine" ) somes pihichipest 
marked hemorrhages, discharge of lipid granules, cytolytic phenomena at : 
Joss of medullary chromaffinity in the guinea-pig.” In rats, treatment wit 
mustard and various nitrogen and sulphur mustards causes an increase ath 
total weight, water, protein and phospholipid content of the ndrenel, while 
the ascorbic acid, cholesterol and total-lipid content diminishes.“ rs 
Such changes were considered to represent manifestations of the patna 
especially since the initial lipid and cholesterol depletion was eek Hae 
followed by the typical secondary rise. These changes together wit * : 
secondary increase in ascorbic acid content “appear to be manifestations ° 
the adaptation-syndrome following injury”.?” In rabbits, phenyldichloroarsine 
produced multiple adrenal infarcts and necroses.*” Additional investigations 
in rabbits revealed that nitrogen mustards cause a decrease in cortical lipids 
and cholesterol accompanied by a rise in 17-ketosteroids. It was eonaaaet 
that this toxic substance acts as a ‘‘stress eliciting an alarm-reaction . 
Various toxic tissue and urine extracts likewise cause adrenal cae ase 
with discharge of lipid granules and other G-A-S changes. ae eo ee 
“cancer reaction” of Aron 278 is presumably also due to this non-specific e = 
since it was based upon the observation that injection with the urine © 
cancerous patients often causes such non-specific adrenal changes in the rabbit. 
Some investigations 2° suggest that polypeptides and other toxic urinary 
excretion products, rather than any specific “cancer-metabolite’, are respon- 
sible for this effect. 3 ; en 
The adrenal changes produced i 1 menstrual toxin 
at also been interpreted as ¢ ng / ; 
me would be futile to assi 
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(e.g., histamine, acetylcholine). W 
elsewhere in some detail, showing that they merely ten 
of systemic stress produced.’ 8 In the literature con 
often created because these non-specific adrenal reacti ; 
preted as characteristic of a particular hormone efi 
example, in the guinea-pig, the enlargement and chan 
caused in the adrenal by parathyroid-hormone intoxicat apparently 4 
to hypercalcemia; yet singularly similar suprarenal ch accompany 2 
hypocalcemia of oxalate jntoxication.2** It is understandable that before i 
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Several drugs cause “toxic involution” of the adrenal-cortex. Among thes 
“DDD” 2* and “germanin” 7° have received special attention. This Banal 
differs significantly from that produced by other alarming agents and is — 


tainly not merely due to systemic stress. We have already discussed it in othe 
connections and mention it here merely for the sake of completeness. : 

Many toxic products produced by microbes and higher animals have like- 
wise been shown to produce intense G-A-S phenomena in the adrenals 
Among these, the effect of diphtheria toxin has been given especial attention; 
since it produces extraordinarily intense systemic stress effects, particularly 
in the guinea-pig. There is adrenal enlargement, discharge of ascorbic acid 
lipid and chromaffin granules during the A-R, with an essentially inverse 
reaction during the stage of resistance. During the acute phase, severe cytolytic 
phenomena and adrenal hemorrhages are also frequently found.** Since 
scurvy causes purpuric manifestations in the guinea-pig, it is interesting 
og at least in this species, administration of ascorbic acid allegedly inhibits 
Ono Seredeeleon hemorrhages by diphtheria toxin *** (cf. also: 

iet, p. 346). 

Pay a: * heniepgaam toxins exert similar actions. In the rabbit (in addi- 
pe ge er ney a ei staphylococcus and streptococcus toxins 
Seite ta hel cleats or aeapaes characterized by: adrenal hemorrhages, 
and hypotension, a rise ci bh Spee adynamy, cyanosis, hypothermia 
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the Watechouse-Friderichse —— a Roasts eyposcdemneiay ee 

Yet. these reaction , ray phe d 
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or hypothermia. Systematic i the ability of the pathogen to produce wae 
clusion that “the adren investigations along these lines led to the © 
only in certain groups “4 emorrhagic and hypothermic factors are ae 
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roduced even by ! inisms belonging to the mycobacteria. 
: general, the hyp hagic and leucopenic reactions were asso- 
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Fssentially simila1 duced by various animal poisons, for 


instance. the toxins « 1e perienteric fluid of ascaris *”” and snake 
233 


penoms.~ 
Various types of un 
roduce typical G-A-S 


| diets, which cause stress, have been shown to 
in the adrenals of animals and man. 


The total fat conten the cortex increases while the birefringent lipid 
granules tend to disappear from the cortex during prolonged starvation in 
birds (e.g. fowl, pigeon) [his is accompanied by an increase in the size 
of the cortex.2% Only in a few experimental series was there any indication 


of adreno-medullary enlargement in the fasting pigeon.*” 

In the fasting dog, the adrenal cholesterol falls below normal,?% but com- 
paratively few investigations have been performed on this species. 

In the guinea-pig, the principal changes observed during starvation are: 
hypertrophy of the cortex, with an increase in total fat and a decrease in 
birefringent lipid and ascorbic acid content. This is sometimes accompanied by 
hemorrhagic infiltration, especially along the cortico-medullary border line. The 
chromaffinity of the medulla may be decreased, but this is inconstant.”®* Unlike 
in scurvy, there is no increase in the dehydroascorbic-acid:ascorbic-acid ratio.2%8 

In the mouse, a number of investigators noted a decrease in the total lipid 
content of the cortex during starvation.” It has also been stated that in mice 
subjected to chronic undernutrition (due to discontinuous starvation), large 
syncytial elements develop at the cortico-medullary junction and this may be 
accompanied by infiltration of this zone with polymorphonuclear leucocytes.2° 
Ascorbic acid determinations gave inconsistant results.*"" 

In the rabbit, starvation likewise decreases the lipid content of the corte 
This loss of lipid granules may selectively affect certain circumscribed areas.°% 
The cholesterol content of the cortex °° and the chromaffinity of the medulla ** 
are not necessarily altered even when starvation causes an increase in the total 
weight of the gland. 

Prd rat, marked adrenal enlargement with loss of cortical lipids occurs 
ae ma in advanced stages of complete starvation; this is often accompanied 

) rease in the water content.” 
he protein content of the rat s 
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mpertrophy by others. | 
ed by some, en wey young ** and hypertrophy a adult rats,100 © " 

: ; i se a hed 
cortical atror Hegedly results in @ kind of “pseudohypophysectomy” a 
et 7  § the adrenal cortex.” Data concerning the ascorhj with 

mon of ee jing rats are IKewilse \ COrbic ac 
severe ne of the adrenal in starving rats ar¢ likewise very « ont gat i 

one i ‘on of these findings 1s complicated by the fact th 5 
The interpretation ¢ | abated try 
estigators who atudied partial undernu mer vn 
mi of diet they used. Perusal of the literature suggests, however, that wha 
pie lete starvation acts as an alarming stimulus and cai o ine ‘ 
vortial size with loss of lipids, while chronic underfeeding can elicit a sin 
of resistance with an increase in the lipid and size o| conn ge 
Laan snificient amounts ot protein. 0 . deficient diets chronic 
anied by atrophy of the corte presumably due 


dernutrition may be accomp ; 
. n of ACTH production.*” Thus. if the composition of the diet ig 


to inhibitio 
that partial starvation acts like any other stressor ta 


kept in mind, it appears 
that it elicits an ACTH discharge, but the effects of this response can be 


modified by conditioning factors. 
In man, observations concerning the effect of hunger on the adrenals have 


often been made on a large scale in times of famine. Most investigators agree 
that the lipid content of the cortical cells can remain high even after most of 
the fat disappeared from other tissue, for instance in cases of severe malnutrition 
with hunger edema.*"" Indeed the total lipid content is often above normal 
although the total cholesterol is greatly diminished.*"* Only in very grave, acute 
starvation is there considerable hydropic degeneration, hemorrhage and cytol- 
ysis in the adrenal cortex. It was noted, for instance, during a famine in 
agin ah ae it the inmates of German concentration camps during 

e second Wor ar. 

All these data are consonant with the view that in man, as in animals, chronic 
pee a a ete to cause resistant stage manifestations with lipid storage 
rae P while acute, complete starvation imitates the A-R with a pre- 

nance of cytolytic phenomena and lipid discharge. After very prolonged, 

fatal, partial starvation, A-R like changes ma vi 
: , y reappear synchronously with 

we manifestations of the exhaustion stage.*!7 
gies Naslaes se haope enlargement, for instance in the rat. 
ehnonte evesieeding im uced not only by acute food shock”, but also by 
organs, testes and Ricci. pe tbenied by involution of the casei “ 
may merely be a manifestat € erupt has been considered that this gn 
to lack and excess of food ca of the G-A-S.*!8 Presumably adaptation, bot 
ation catoativer ae icits G-A-S changes in the adrenal. 

supr Is. This era saa diets likewise cause G-A-S responses !0 the 
shown for instance in guinea pigs kept exclusively 
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a 18 in rats fed « quantities of cabbage and water ** and in rats 
ne cons diets deficient in sever il vitamins.”** We have repeatedly em 
ee in this book that proftein-rich diets greatly facilitate the production of 
hae trophin in animals under stres On the other hand, in animals not 
corti fo alarming stin i] yncentration of protein in the food exerts no 
xpos cat action upo” the ad | cortex, unless the protein concentration is so 
sign! (70-90% ) that th« tself becomes a stressor,*** 
high Bed not be rev describe in detail the extensive literature con- 

effect of various avitaminoses upon the adrenals, but a few key 


\vitaminosis-A causes cortical enlargement in the 
ignificant adrenal change “* or even an inhibition 
at cortical development he rat. In man, xerophthalmia can perhaps also 
- accompanied by adren ‘| atrophy,®** but the mechanism of this response is not 
mr derstood. and it would bi . ighly desirable to conduct further studies specific- 
ally planned to examine whether this type of avitaminosis differs from other 


types of malnutrition in its 
Much work has been 


eferences may be uselu 
4 but allegedly no 


effect upon the adrenals. 

done concerning adrenal changes in vitamin B, 

(thiamine) deficiency.**’ Interest in this subject has been stimulated especially 

by the often made observation that pigeons suffering from beri-beri have un- 
usually large adrenals due to an excessive increase in the size of the cortex.*** 
It has been claimed that this is merely the non-specific result of inanition.**” 
but subsequent observations revealed that the adrenal enlargement is much 
more pronounced in pigeons (and fowl) suffering from beri-beri than it is in 
fasting birds; hence inanition cannot be the only factor involved.*” There is 
some disagreement regarding the changes in the chromaffinity and adrenaline 
content of the medulla,**! but the cortical lipid content appears to be definitely 
increased in such avitaminotic birds.*”” 

Perhaps the hypertrophy is not entirely limited to the cortex, but involves 
the medulla also,2** but this has been contested. An important part of the 
adrenal enlargement in avian beri-beri is merely due to local edema.*** Since 
all these adrenal changes are very similar to those caused by cyanide poisoning 
they are certainly not entirely specific.**°. 

Comparable adrenal changes also occu 
from beri-beri, for instance in the fowl,**7 monkey, 
as well as in man.**” 


r in various other species suffering 
388 mouse,** rabbit,*4" rat ** 
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Birefringent material in adrenal cortex during the G-A-S. — A. Adrenal cortex of a normal 
control rat as seen under the polarizing microscope. Note large amounts of birefringent lipid 
both in the zona glomerulosa and in the outer fasciculata; none in the transitional zone 
between glomerulosa and fasciculata, nor in inner fasciculata. — B. Great increase in width 
of the cortex and its birefringent lipid content during the resistant stage of the G-A-S. — 
Gy Almost complete disappearance of birefringent granules from the adrenals during the 
exhaustion phase of the G-A-S, Note that only the glomerulosa contains birefringent granules. 
Essentially similar lipid depletion is seen in the A-R phase. In this instance the G-A-S was 
produced by pantothenic-acid deficiency. 


(Courtesy of Drs. H. W. Deane and G. M. McKibbin: after Selye 94572/49.) 
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that the respo! just one manifestation of the G-A-S.3 
juded jess, some d icity in the reaction is suggested by the 
jeverthe Eacedl are ind by the observation that the glomer- 
often . to retain i pids even when the other layers became 
slosa Mie depleted ? restingly, marked adrenal hemorrhages 
complete Bs of the \ srichsen syndrome) tend to occur in 
(reminisce acid defici if they are suddenly exposed to an acute 
mothe imulus.®® he avitaminosis produces a purpulic 
alarming ich Peadit ‘f an adrenal response to stress 


diathesis W 
Studies co? : 

the conclusion that at 

put this later disappear 


cerning : pyridoxine deficiencies in the rat lead to 
stimulation of the adrenal cortex occurs, 
this transitory stimulation results from the 


derate inanition, induc animals, to which they later became ad- 
om ‘d The time of sti incides with that of the most acute signs ot 
Be cacy”. In spite o findings the authors expressed the view that: 
Bee citcost to deficienci intothenic acid or thiamine, the dietary absence 
of riboflavin or pyridoxi ails to produce the adaptation syndrome”.*"* 
Significantly both these vitamin deficiencies cause severe thymus atrophy, but 
certain physiologic tests were interpreted as showing a failure of adrenal stimul- 


ation in riboflavin deficiency In any event, whatever adrenal stimulation is 
detectable in pyridoxine-deficient rats is no greater than in pair-fed, under- 
nourished controls.*°* 

The transitory initial adrenal changes suggest that some degree of an A-R 
is produced, although apparently, adaptation ensues quite rapidly in the rat. 

In addition to the well-known hepato-renal changes, choline deficiency elicits 
adrenal hypertrophy with a broadening of the glomerulosa and rather typical 
adrenal-lipid changes in the rat.*** Allegedly “These observations suggest 
that the renal disfunction in choline deficiency causes stimulation of the glomer- 
ulosa. This zone is believed to secrete hormones of the desoxycorticosterone 
type. The increased fasciculata activity and the thymus involution probably 
result from the ‘alarming’ stimulus of inanition’’.*°° 

Ascorbic acid deficiency causes especially pronounced adrenal lesions in the 
guinea-pig, which is notoriously sensitive to scurvy. There is marked enlarge- 
ment and hyperemia of the cortex; at the same time, hemorrhages are partic- 
ularly common, especially along the cortico-medullary junction line.*? This 
enlargement is more pronounced than that caused by mere fasting.*** 

The fat and especially the birefringent lipid content of the cortex diminishes 
during C-avitaminosis ** and the chemically determinable cholesterol content 
falls below normal.**” At the same time. those lipids of the nuclei, which are 
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in other tissues. a | | 

pak tent of the adrenal also diminishee ; 
Allegedly, the corticoid hormone con le 


scorbutic quinea-pigs,*"” but this claim was based on data obtained with a a 
entirely specific bioassay method. 


The chromaffinity and adrenaline content of the adrenal medulla are likewise 
F ; sq. 871 Aa ae 
considerably decreased in scorbutic guinea-pigs: this is a companied by 
degenerative changes *™ and functional insufficiency of the medulla.*73 


Administration of ascorbic acid prevents the development of all these changes 
in guinea-pigs kept on otherwise scurvy-producing diets.*™ 

Conversely, in species which are relatively independent of exogenous ascorbic 
acid, such as the cat,” rabbit 97° and rat,*** diets deficient in this vitamin 
cause little if any change in adrenal structure. 

Avitaminosis-D likewise tends to cause G-A-S changes in the adrenals, 
according to observations in the rabbit,*"* rat °° and man.**? 

Avitaminosis-E produces hypertrophy and hyperplasia of the adrenals in 
the rat,**! but in this case the change is rarely very pronounced. 

If pteroylglutamic acid deficiency is produced in rats by treatment with 
amino-teropterin the adrenals enlarge considerably, while the thymico-lymphatic 
organs involute.** Here again we are presumably dealing with a G-A-S 
response. 

The hypertrophy and hyperplasia of the glomerulosa produced by sodium 
deficient diets 8 as well as the glomerulosa atrophy caused by excess Na 
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Syn nowed lipid deple: he inner zones of the cortex, This “could 
diets, gidered to be a! ihc reaction, a part of the general-adaptation- 
be ene. iesert Ka revealed no corresponding adrenal changes 
ae tier diets, prest cause they are congenitally less sensitive to 
ou 5 ee 


: ** 385bD 
dehydration - 
Subcutaneous injectio 
dration shock” with foca 


NaCl solution in the dog produces “dehy- 
leucocytic infiltration and hyperemia of the 


adrenal. These changes ery similer to those seen in other types of non- 
specific damage and appeai e closely related to the G-A-S.3*° The same 
¢ true concerning the loss of lipids from the inner cortex of thirsting rats.°%* 
Tn summary, it may be said that all types of severe malnutrition, due to 


quantitatively or qualitatively inadequate diets, appear to cause.G-A-S mani- 
festations in the adrenals. Yet in certain instances (e.g., pantothenic acid 
deficiency, Na deficiency or overdosage, protein deficiency) the effect of mere 
systemic stress may be modified by specific corticotrophic actions. 


Stimuli Influencing the Adrenals During the G-A-S. —~ Hypophysectomy 
in itself, that is, without exposure to stress, causes very severe involution of the 
adrenal cortex. The glomerulosa is least, the reticularis most markedly affect- 
ed, but all layers participate in this atrophy to some extent. As previously 
stated, a short time after removal of the anterior-lobe, the lipid content of the 
cortex is high, but later, when the atrophy becomes increasingly more severe. 
the lipids gradually disappear together with the other cytoplasmic constituents 
of the cortical cells,*° e.g., ascorbic acid,*8* plasmalogen, fluorescent and 
birefringent granules.*® This involution is not due to the usually decreased 
food intake of hypophysectomized rats since it remains uninfluenced by forced 
feeding.3"! 

An actual increase in adrenal cholesterol after hypophysectomy can allegedly 
occur in the rat,*"* but this claim requires confirmation. 

It has been shown in the rat that after hypophysectomy, the adrenal cortex 
no longer responds with the usual enlargement and lipid granule discharge 
"Pon exposure to various alarming stimuli such as trauma, toxic doses of drugs, 
‘motional stress or acute starvation.3% 


Subsequently many investigations confirmed t 


t' * en ae 
© anterior-lobe is indispensable for the not 
cortex to stress. — 
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Effect of hypophysectomy and of various steroid hormones upon adrenal cortex. — A. Adrenal 
of a normal 3-month-old male rat. Note normal width of glomerulosa, fasciculata and reticularis 
zones. In this and following figures cortico-medullary junction is marked by arrow (adrenal 
weight 44 mg.). — B. Adrenal of similar rat 28 days after hypophysectomy. Note profound 
atrophy of the cortex, which affects all layers, but especially the fasciculata and reticularis 
The medulla remains normal (adrenal weight 15 mg.). — C. Adrenal of similar rat receiving 
increasing doses (0.5 to 3 mg./day) of desoxycorticosterone acetate during 3 months. Note 
pronounced involution of cortex, while medullary cells remain normal (adrenal weight 23 mg.). 
— D. Adrenal of similar rat treated with estradiol (100 y/day during 9 months). Note 
enlargement of entire cortex which takes up the whole visual field. There is marked hyperemia 
with great dilatation of cortical sinusoids. The glomerulosa, however, is inconspicuous 
(adrenal weight 122 mg.). — E. Adrenal of similar rat treated with small doses of testosterone 
Meplentation of one 14 mg. pellet of methyl-testosterone one month prior to autopsy). Note 
pon a density of glomerulosa zone (adrenal weight 30 mg.). — F. Adrenal of similar rat 
dines a ark doses of a testoid (10 mg. of methyl-testosterone/day during 3 months). Note 
bere glomerulosa and atrophy of cortex. The latter is studded with vacuolated “signet-ring 
(ave — are very characteristic of rats chronically overdosed with large amounts of testoids 
nal weight 28 mg.). (After Selye 94572/49.) 
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ham hypophysectomy (in which the a u oe ¢ intact) 
In the pas Macwally this operation leads to adrenal enlarge but no¢ 
causes an A-K. ee ed 397 
if he anterior-lobe is actually removed. fall in the total c} 
if the a som akin burns produce a considerable fa int e total ch erol con_ 
gh ota ae a rats, while no such response is seen after pophysec. 
tent of the adr D 
oe i scorbic acid and to oles 
Severe hemorrhage elicits a sharp fall in the as = *esterol 
: tion of the adrenal in intact but not in hypophy zed rats, 
concentrati ; bic acid and cholesterol concentration of the 
A similar decrease in the ascor en 
4 duced by exposure to cold, painful stimuli, trauma likewise 
2 a Fa physectomy,*” as is the adrenal enlargement noi naily seen 
prevented by hypo 4 ’ < BANISLOF choie ns 
after starvation,*! that caused by feeding excessive amou esterol,10 


or HCI +" and the “compensatory hypertrophy” of the remaining adrenal after 
unilateral suprarenalectomy.*"* ; 7 

Allegedly, the proliferation of the glomerulosa in eee Kept on Na-deficient 
diets likewise fails to be prevented by hypophysectomy, 5 but since this con- 
clusion was based on very few experiments, it requires confirmation. 

It has been stated that extensive damage to the hypothalamus prevents the 
adrenal atrophy normally elicited by hypophysectomy in the dog,“ but here 
again, further research will be necessary before drawing definite conclusions 
since the hypophysectomy — though extensive ~ was admittedly incomplete, 

Curiously in the pigeon, the adrenal cortex appears to be relatively indepen- 
dent of the pituitary. After injection of formaldehyde, there is enlargement of 
the cortex (with proliferation of mitochondria, an hypertrophy of the Golgi 
apparatus and a decrease in lipoid, cholesterol and water-insoluble ketone con- 
tent of these cells) which is not prevented by hypophysectomy,‘%7 Perhaps in 
birds the activity of the cortex is less dependent upon ACTH than in mammals, 
due to some species difference in the corticotrophic mechanism. 

Following a single injection of purified ACTH to hypophysectomized rats, 
the ascorbic acid and cholesterol content of the adrenal diminishes within a few 
hours — the former more rapidly than the latter,“°8 After repeated daily 
injections of this same principle, however, there is an increase in the ascorbic 
acid *”* and lipid “° content of the hypophysectomized rat's adrenal. If a single 


pears! This is probably due to the intense involution of the cortical cells, 
which renders them relatively insensitive, 


In hypophysectomized rats neither LAP 412 yoy purified corticotrophin 4% 
cause & greater adrenal stimulation on high than 
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ee ady hypophyseal! ionic) LH maintains only the x-zone 
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. atid from othe: { the cortex. 

0 Se folliculoids are 1 ighls ive alarming stimuli, their action upon the 

adyenal has been Pee tsubie isiderable study, Hypophysectomy prevents 


natural and artificial folliculoids in the rat.416 
The characteristically int sf lipid granules, normally elicited by fol- 
jiculoids, also fails to occur after removal of the pituitary.17 Eyen in hypo- 
hysectomized rats, whose adrenals were maintained at an approximately 
Sel weight level by a pituitary extract, simultaneous treatment with estrone 
did not influence the adrenal weight. This was deemed noteworthy because, 
in intact animals, simultaneous treatment with pituitary extract and estrone 
caused greater adrenal enlargement than either preparation alone.*!8 

Other investigators claimed that some corticotrophic action is demonstrable 
if the adrenal structure is only partially maintained with low doses of pituitary 
corticotrophin.*'® However, even here the response was extremely slight. 

Studies with radio-active “labeled” phosphate suggested that after hypo- 
physectomy in the rat, the specific activity of the inorganic phosphate increases, 
but that of the acid-soluble organic phosphorus remains unchanged after treat- 
ment with folliculoids. From this it was concluded that after hypophysectomy 
“estrogen has an effect on the adrenals, but that this effect is not an indication 
of increased metabolism in the gland” 420 

Neither progesterone *2! nor A°-pregnenolone *? nor DCA *%° exert any 
effect upon adrenal structure in hypophysectomized rats, but large doses of 
testosterone propionate (and other testoids) appear to delay the usual adrenal 
atrophy.“#4 The ability of testosterone to cause involution of the “x-zone” in 
the mouse adrenal remains demonstrable after hypophysectomy. Hence, this is 
apparently also a direct effect.!25 Of course any such direct action upon the 
adrenal Cortex is likely to influence the response to ACTH and may act as a 

Onditioning factor” modifying the corticotrophic effect. 

Since adrenaline liberation plays an important réle in emergency reactions, 
our earliest studies concerning the G-A-S were already cerned its pos- 
sible Corticotrophic action. It was found that, ic 
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, duce its usual adrena ging + hie 
Thyroxine also inils to aie pigeon, however, the presence Pituiter, 
peyeeney © ate f the corticotrophic action of t! oid hac 
is apparently not indispensable for t id hop. 
ne.*° ? of ; 
" taoais likewise causes adrenal falergement with eypical - R sin the 
hy os hysectomized pigeon. All this agrees with the view that bird, the 
raion not essential for the mediation of stress effects up. adrenal 
cortex.**! q 7 

It is well known that in intact animals hypophyseal corticot: Lin Causes 
enlargement of the adrenal cortex, due to hypertrophy and hype: ia of the 
cortical cells.“8 The action of ACTH on cortical storage produ however, 
is greatly influenced by the time factor. 

It has been shown, both in the rat and in the guinea-pig, that a single injection 
of purified ACTH produces a rapid fall in the ascorbic acid anc somewhat 
more delayed decrease in the cholesterol content of the adrenals. \; hin a few 
hours. However, about 24 hours after the injection, the concentration of bath 


these adrenal constituents returns to or even above normal,*83_ [py one series of 


sudanophilic, plasmal, birefringent and fluorescent granules as well as enlarge- 
ment of the adrenal cortex, while upon more continued ACTH treatment, the 
concentration of all these granules rose above the initial level. The authors 
state that: “Cytochemically, none of the adrenal glands of animals treated with 
the hormone showed any alteration in the morphology or ketosteroid content 
of the zona glomerulosa, However, in the short term experiments, the fasci- 
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Unilateral nephrectom: 
producing and hyperten 


Va diets greatly increase the hyalinosis- 
crude corticotrophic pituitary extracts 


(eg. LAP), yet these pro 10 not appear to exert any specific influence 
upon the adrenal enlargement ‘d by such preparations. This is in agreement 
with the concept that partial nephrectomy and Na sensitizes the kidney to 
mineralo-corticoids, but has no direct effect upon the adrenal-cortical response 


to injected corticotrophin. Only if the cardiovascular and renal lesions produced 
by LAP become severe, is there any indication that these sensitizing procedures 
augment the cortical stimulation. Here, apparently, the stressor effect of the 
resulting hyalinosis (and not the specific direct action of partial nephrectomy 
and Na as such) is responsible for the exaggeration of the cortical response.*%® 

Simultaneous treatment with thyroxine greatly augments the corticotrophic 
effect of LAP in the rat; #4! thyroidectomy diminishes it, without abolishing it 
completely.44? These experiments also suggest that thyroid hormone, perhaps 
through its effect upon metabolism, merely sensitizes the adrenal to cortic- 
otrophic stimulation. 

Extensive investigations in the rat have shown that the corticotrophic effect 
of LAP is also greatly increased by synthetic diets rich in protein.“ This 
was likewise found to be true in rats kept on simple, natural diets. Thus in 
animals receiving only skeletal or cardiac muscle, “purina fox chow’, peas, 
lentils, corn, lima beans or rice, the adrenal enlargement obtained by a given 
dose of LAP corresponded fairly closely to the protein content of these food 
substances, *# This relationship was especially striking in rats kept on syn- 
thetic diets in which casein was the only source of protein. On diets containing 
3 to 50% casein, the adrenal enlargement produced by a given dose of LAP 
bag aeetly Proportional to the protein content of the food; yet some cortic- 

phic action was demonstrable even on the lowest (5%) protein intake.“* 
Ps fe previously Stated, it had also been shown | hronical ernour 
<a op a So-called vt 

-cOrtical involution, 
eth of the cortex. 
N such ‘'ps 


18 Yo 


ADRENALS 
336 


active in this respect in completely starv nimals.44; 


they proved highly dernourished rats failed to respond properly cause they 
Presumably these onl : mount of comparatively low protein di vhile the 
were kept on aeeep a uld suddenly liberate enough endogenous protein 
completely starved hr adrenals to the hypophyseal impla: Thus the 
catabolites to a on pro undernutrition could inhibit hile acute 
slow ——. poco ae protein catabolism would facilitate ACT! oduction, 
piper hee in the availability of amino acids. — 

Further work showed that various proteins differ in t ae © sensitize 
the rat for the corticotrophic action of LAP. For instance, actall umin oF zein 
are considerably less effective than egg-albumin or casein. 

LAP-treated animals normally consume very large amounts of food, due 
to somatotrophin and thyrotrophin in the LAP. It is important to note, there- 
fore, that even in rats in which overeating was prevented by paired feeding, 


the corticotrophic effect of LAP remained proportional to the protein concen- 
tration of the food.*” 

On protein-free synthetic diets, in which equivalent amounts of nitrogen were 
administered in the form of various protein-hydrolysates *° or mixtures of 
purified amino-acids,“' LAP caused the same cortical enlargement as on 
protein-rich food, 

Contrary to the results obtained with impure preparations, the adrenal 
enlargement elicited in the rat with purified ACTH, is independent of the 
carbohydrate, fat and protein contents of the diet.* This further emphasizes 
that the amino-acids are only required for the elaboration of ACTH, not for 
its peripheral action upon the adrenal. 

By varying the type and amount of carbohydrate and fat in synthetic diets 
containing a given concentration of casein, it was demonstrated that, in chronic 
experiments, sensitization to LAP is largely independent of fats and sugars.** 
Yet in acute experiments, glucose enhances the discharge of cholesterol (with- 
out affecting the elimination of ascorbic acid) from the adrenals during ACTH 
administration,**4 


y treated with 


which can ent by testoids alone, 


Apparently there is a peripheral 
within the adreno-cortical cell itself. 


Pomerantz A36729/41. 


<—— STIMULI 337 


ed by simultaneou \P administration. In fact, under the influence 
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enha us tissue necr ng agents, the entire inner fasciculata and 
f LAP P ee cat's isionally transformed into more or less 
eficitiart® oid esue, T yncomitant fatty metaplasia of the stroma helps 
typical mY e the structurs one-marrow in the zone surrounding the 
to reproduce, This further enhanced by the simultaneous 
drenal a of thy: again, it has been assumed that LAP 
administra adréno-cor! tself to a direct action, in this case that of 
sensi degradation produc roxine. 

tissue ('H) proved highly effective in preventing the 


While LAP (or purified AC 
jipid granule discharge cl 
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even lower levels in rats tr 


normally produced in the cortical cells by 
d and cholesterol content of the adrenals fell to 
d with LAP plus stilbestrol than in those receiving 


ither of these preparations lone, The loss of cytoplasmic lipid and plasma! 
Peciles occasioned by non-specific stress (e.g., trauma, nervous stimuli) is 
oe markedly — if at all — inhibited by similar corticotrophic preparations.‘ 


Since ACTH antagonizes the effect of folliculoids upon the sudanophilic 
adrenal-lipids, this action of these steroids cannot be merely mediated by the 
discharge of endogenous ACTH. 

The cortical enlargement seen in LAP-treated rats is not prevented by DCA, 
but under the influence of such dual treatment, colloid deposition occurs in the 
cortical cells. This may be a manifestation of hormone storage at a time when 
hormone production is stimulated, but its discharge inhibited.4%* 

The well known “compensatory hypertrophy” of the remaining adrenal 
seen in rats subjected to unilateral adrenalectomy is greatly facilitated by diets 
tich in protein. Here, as in the G-A-S, protein presumably enhances ACTH 
production:49 

Anterior-ldbe hormones other than ACTH do not appear to exert any 
marked effect upon the adrenals. Somatotrophin stimulates suprarenal tissue, 
but only in proportion to its “growth hormone” effect on any cell.4* 

LH appears to be necessary. for the maintenance of the reticularis in those 
Strains of mice in which there is a definite ‘“X-zone’’.4% 

Thyrotrophin “allegedly enlarges the adrenals in starved, but not in fed, 
guinea-pigs.“4°".Perhaps thyroid hormone (here liberated under the influence 
of thyrotrophin) merely sensitizes the adrenals to the action of endogenous 
ACTH, e.g., that produced under the influence of starvation. 
es intact Tats treated with toxic doses of adrenalin 
a ts simultaneously with other manifestation 
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eo sain rat timuli is not inhibited by adrenergic 
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plocking ie! by this « t was concluded that stressors cannot 
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ected ACTH is already effective at this 
young, the anterior-lobe fails to produce 
although the adrenal is sensitive to corti- 


acid content of the adré 
time it was concluded th 
corticotrophin, in respor 
cotrophic stimulation.*” 

Nor-adrenaline also d 
but it is less effective than adrenaline 

Chronic overdosage with pure corticoids or cortical extracts causes “com- 
pensatory atrophy” of the adrenal cortex in various species of mammals.*% 
In rats chronically treated with comparatively small doses of DCA, it was found 
that although adaptation occurs to many actions of this steroid, the compens- 
atory atrophy of the adrenals persists. This has been interpreted as an example 
of “dissociated adaptation” to a hormone action.**4 


he ascorbic acid content of the rat adrenal. 


462d 


Simultaneous treatment with DCA and excess NaCl causes especially 
pronounced atrophy of the glomerulosa in the rat adrenal.‘*** 

In the adult fowl, DCA exerts the same depressing action upon the adrenal 
development as in mammals, but in very young birds, this effect was not 
detectable.4*5 

The cholesterol content of the rat adrenal may allegedly rise above normal 
following DCA treatment, but this is an inconstant finding.*%° 

The stimulation of the adrenal cortex, which normally occurs under the 
influence of various alarming stimuli (e.g., formaldehyde injections, cold, 
atropine, trauma, muscular exercise) is markedly inhibited by pre-treatment 


weigh presumably due to adrenal periarteritis nodosa (adrenal 
ad ght 283 mg.). — B. Adrenal of a similarly treated rat. Here, the necrosis destroyed both 
renals almost completely, except for a thin subcapsular rim of cortical cells (arrows). 
Hs a petted show that anterior-pituitary extracts can not only stimulate the adrenal cortex, 
Hele the event of overstimulation (perhaps by produ r periarteritis nodosa) cause 
5 's with subsequent hypocorticoidism. — C, and ] gnifica of a region from 
smal] ene cortex of a similarly treated rat. Note inf consisting of 
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namin cage one 8 treatment with toxic tissue ext follicy L 
intense verge onl sie’ stimulation occasioned by , tarvation 
oids *7 and anoxia. ly slightly, inhibited by cortical extract: CA in the 
nasa Ariaaley mr hat counteracted in the rat.*" 
"The dare in the ascorbic acid og erga ig Be : 1ormally 
produced by exposure to various alarming ne rd ae * C i orrhage, 
heat, histamine, adrenaline or typhoid bacilli) i : so te i ite purified 
corticoids or cortical extracts.‘ Yet in rats exposed to hee old, even 
toxic doses of DCA failed to inhibit the loss of adrena -ascorb : 1 Barn 
this, it was concluded ‘that during severe stress, Be steotrophi: charge jg 
conditioned by factors other than mere lack of corticoids”’.*7 

It is certainly true, however, that only in very exceptional instances is over. 
dosage with corticoids completely ineffective in preventing an adrenal enlarge- 
ment caused by stress. Thus, the adrenal lesions characteristic of pantothenic 
acid deficiency do not appear to be prevented by moderate dose: of DCA i 
the rat, nor is the adrenal enlargement caused by thyroxine ‘™ or the 


stimulation of the glomerulosa seen in this same species during sodium 
deficiency, inhibited by simultaneous DCA overdosage.*™* 

Gluco-corticoids, such as cortisone, cause much more pronounced adreno- 
cortical atrophy, than DCA, as judged by observations in the rat and mouse.477* 


The renal pressor substances, produced in the rat by the “endocrine kidney" 
technique, cause adrenal enlargement whenever the resulting intoxication be- 
comes a severe systemic stress. The protein or the Na concentration of the 
diet *** fails to influence this adrenal response significantly, but testosterone 
diminishes it markedly.‘ 

In rabbits the hypertension produced by renal ischemia causes adreno- 
cortical hyperplasia with increased lipid storage. The possible relationship be- 
tween these changes and our concept of the diseases of adaptation has been 


discussed. Similar adrenal changes occur in rats in which nephritis has been 
produced by anti-kidney serum.45% 


It is interesting that gonadectomy often elicits the development of adreno- 
cortical adenomas or even carcinomas in either sex, especially in certain 
hereditarily predisposed strains of mice.!*' In other species, e.g., the rat, 
ovariectomy reduces the normally larger adrenal cortex of females approxim- 
ately to the size characteristic of the male.48? The relationship of these 
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onada vortical change folliculoids deserve special attention 
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difficult However, ex! he first available pure compound of this 
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timuli. The lipid discharge is particularly 
intense hyperemia of the entire cortex with 
ion of the sinusoids and often liquefaction 


upon exposure to other 
marked and long lasting 
almost hemangioma-lik« 


ecrosis of cortical cells with pronounced edema, Both natural and artificial 
n ' his : 
folliculoids produced essentially the same reaction in the mouse and rat.*® 

In very young rats, neither estradiol **° nor stilbestrol #8? caused any adrenal 


enlargement. The cause of this relative insensitivity to folliculoids, at an early 
age, is still not understood Curiously however, in the fowl — which may be 
regarded as phylogenetically “young” — estradiol also failed to elicit adrenal 
hypertrophy.*** 

Studies with labelled phosphorus in the rat show that folliculoids have a 
marked effect upon the acid-soluble organic phosphate content of the adrenal 
cortex. This change being similar to that produced by ACTH, has been inter- 
preted as a metabolic manifestation of increased cell activity.**® 

The cholesterol content of the rat adrenal is not influenced by small 4% but 
is diminished by very large **! doses of folliculoids. At the same time the 
ascorbic acid content also falls.*9* 

Simultaneous treatment of rats or mice with folliculoids and testoids results 
ina diminution of the cortical enlargement normally produced by the former.‘ 

In addition to the testoids (and the corticoids whose action has already 
been discussed above) luteoids and several other steroid hormones can counter- 
act the adrenal enlargement normally produced by folliculoids.*” 
estoids can also exert rather specific actions upon the adrenal cortex. 
In the mouse, they selectively induce an involution of the reticularis (the so- 
i x-zone"’) and diminish the total width of the cortex. In the rat adrenal, 

®y tend to increase the cellularity of the glomerulosa and cause capsular 
2 ele ne as a pronounced diminution of weight. is usually 
ns “ en by fatty metaplasia of cortical cel 
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reapaci opinion — testoids are even eel he inhibiting 
the adrenal enlargement normally caused ea ws Wd : imu ‘ intensity 
of their anti-corticotrophic effect was demonstrate in ots in systemic 
stress was produced either by formaldehyde injections ery high 
doses of thyroxine.*” 

The fact that in the rat crude testis extracts can cause adren egement, 
is hardly surprizing since, in this case, the impurities probably alarming 
stimuli.°"' 

Luteoids and several other steroids cause adrenal involution both in tie 
rat 2 and in the fowl, perhaps because they possess some degree of corticoid 


or testoid activity. 

In view of the clinical use of insulin in the shock-therapy of mental] disease, 
it is worthy of mention that the hypoglycemia produced by toxic doses of this 
hormone has long been known to cause intense loss of chromaffin granules 
with adrenaline discharge from the adrenal medulla. This may be accompanied 
by marked vacuolization and actual disintegration of cells similar to that seen 
after exposure to other stressors. The reaction depends upon the integrity 
of the adrenal nerves, as it is prevented by denervation.®" Large amounts of 
glucose likewise prevent this loss of chromaffinity,°° hence, it is generally 
assumed that the reaction is due to the decrease in blood sugar and mediated 
by the medullary nerves. The cholesterol content of the rabbit's adrenal 
likewise diminishes under the influence of insulin overdosage." 

We have already mentioned that thyroidectomy tends to inhibit the 
corticotrophic action of LAP (while thyroxine enhances it). 

Whether thyroidectomy in itself has any significant effect upon the cortex 

s long been debated, because contradictory results were obtained in various 
species. In the rat — which is comparatively insensitive to parathyroidectomy 
= the removal of the thyroids (with the enclosed parathyroids) causes an 
tevaliniion of the adrenals. This is much more obvious in females than in 
ites perhaps because females normally have a larger cortex so that its 

involution results in a relatively more Pronounced change in the total weight 
of the gland. 
at adrenal allegedly rises after thyroidect- 
Suggest that both after thyroidectomy and 
ulata atrophies and its sudanophilic lipids. 
Horescent granules tend to disappear.*™ 
ona ta during an A-R produced in the rat by exposure te 
aldehyde injections 519 jg diminished but not prevented 


by thyroidectomy. This ma 
well “iy SS: Pea 
metabolic processes in thyroid ea to the characteristic diminution of all 


48 Selye A35221/4),_ = 7 —- _ ——— 

soa Seype 431129/40. int Hillarp 93731/46, Selye 94572/49. 
Selye et al BID4/4n soe CRatmberisin 22559730, 11091/30 

501 S c q i 


e an rt 
san Winter A36510/43 86/42 
Selye A56607/43, 


°°T Selye 38798/37. 
aie 


» 


343 


age with thyt ne increases the weight of the adrenal, 
Overdosté not entirel) wrtical enlargement.*"! There is also an 
mainly —~ oe Frenives cially in the fasciculata.? This has 
jncrease ame bs be of a G-A-S developed under the 
een const Paayendosag rmone, especially since after prolonged 
afluenced © adaptat the adrenal tends to return towards 
dministration, “* 
normal.” 


feeding increases the cholesterol content 
while in the rat, thyroxine treatment 
was considered to be part of a defense 


It has been claimed 
of the adrenals in the 
decreases i The + : 
mechanism against the h 
More recent cytocher Li 
clusion that thyroid feec 


ies on the rat suprarenal led to the con- 
uses especially marked hypertrophy of the 


fasciculata. During the first week, this is accompanied by an increase and 

* by a decrease in sudanophilia, plasmal, birefringent and fluorescent 
r : = & aa 

aes content, as well as considerable cytolysis.5*® Perhaps the initial change 

gr ; 


corresponds to the resistant, the final to the exhaustion phase of the G-A-S. 
but this requires further proof. . 

The ascorbic acid content of the guinea-pig adrenal was reported by some "7 
as above, by others 1° as below normal after thyroid treatment. A reduction 
in adrenal-ascorbic acid has also been noted in thyroid-fed rabbits,®™ and 
rats.2° Yet in some experiments on the rat, opposite results were obtained." 
These apparent contradictions may well be ascribed to the fact that (depending 
upon the dose, length of treatment and species differences in sensitivity) the 
authors observed their animals in different stages of the G-A-S. In one such 
study on rats it was clearly demonstrated that under the influence of con- 
tinuous thyroxine treatment the ascorbic acid first decreases and secondarily 
tises *? presumably because, after the A-R, the stage of resistance supervened. 

In view of the close interrelations between the thymus and the adrenals, 
it is noteworthy that thymectomy causes no significant adrenal change in 
the rat.**3 The fact that intrapleural administration of thymus extract resulted 
in adrenal enlargement,*** could hardly be ascribed to any specific “thymus 
Principle” and is almost certainly due to the resulting A-R. 

There is no doubt that nervous stimuli play an important réle in the 
‘sponse of the adrenal during the G-A-S. It has been clearly shown that 
denervation of the adrenals (e.g., by periarterial sympathectomy or splanch- 
\<otomy) prevents the loss of chromaffin granules which otherwise occurs in the 
van here are only very few agents which f chromaffinity 

"ene demonstrable adrenaline discharge 

oline is a notable exception, 


“moral transmitter of secre 
Understandable.525 Potassiu 
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drenaline discharge by direct action upon the dener adrenal sxx 
é si * F ‘ . i is res if ~ 
of causing ¢ most stresses cause adrenaline discharge as a resu splanchnic 
In any case, most stresses 


agents can affect the medulla th th humoral 


stimulation, even if exceptional 
means. 


Conversely, et 
and fails to respond to splanchnic sti 


rats with transplanted adrenal cortices likewise 


the cortex does not appear to receive any secretory nepye, 
mulation or splanchnicot: 3 


(peri S on ‘ suggest 
ec eewaeriel function is independent of os stimulation, 828 
Furthermore, the hypertrophy of adrenals, under conditions of dec i -ased bane 
metric pressure, is not affected by subdiaphragmatic Fagotomy he ascorbic 
acid content is not influenced by splanchnic stimulation, even in the adrena| 


j 580 
medulla, as shown by experiments in the dog and cat.5% 


It has been shown with particular clarity, in a systematic investigation on 
rats, that during exposure to non-specific stress, the adrenal cortex is independ- 
ent, while the medulla is dependent, upon the integrity of the adrenal nerves. 
Upon exposure to cold, heat, hemorrhage or toxic doses of insulin, the loss 
of cortical lipids was the same in intact controls and in animals whose splanch- 
nics and upper lumbar sympathetic chains were removed on both sides. Yet, 
the latter group did not respond to these stressors with the usual adrenaline 
discharge.®*! 


Some investigators claimed to have produced adrenal-cortical atrophy fol- 
lowing suprarenal denervation."** Others stated that in rats the adrenal 
enlargement caused by stress (e.g., muscular work, injection of acid, unilateral 
adrenalectomy). is inhibited by removal of the celiac ganglion.®** However, 
in all these cases it is difficult to exclude the possibility of coincidental inter- 
ference with the adrenal vessels. As we have stated above, normally, adrenal 
denervation has no effect upon the response of the cortex during the G-A-S. 


In accordance with this interpretation, it was found that the ascorbic acid 
depletion of the rat adrenal, caused by a standard stress (e.g., cold, intraperi- 
toneal injection of CCl), is not prevented by adrenergic blocking agents. 
such as dibenamine or tetraethylammonium.®*4 Indeed it could even be shown 


that “the histological changes of the alarm reaction in the thymus and the 
adrenals. provoked by epinephrine were reversed by dibenamine but those 


provoked by colchicine were not’. Any theory postulating that the emer- 


soph ipacon el adrenaline is responsible for the stimulation of cortico- 
trophin secretion during stress, would have to take these negative findings 
into account, 


i i sage ng oem above that various anesthetics can cause A-R changes 


preven lisct under certain circumstances, barbiturate anesthesia 
pn pe in r‘ “ — ascorbic acid, which normally follows upo? 

e ra t oe: ws ¢ - 
rhage. In these same S not prevent this effect of heat or hemor 


experiments barbiturate anesthesia vented the hyper- 
: prevented the hyp 
glycemic effect (ascribed to adrenergic discharge) of all these stressors. It 


345 


iad that adre1 nnot be indispensible for the discharge of 
. conc 
warn cerning the réle of the pi stalk 
AC ; is considerable di 1ent concerning the role of the pituitary stal, 
There !§ G-A-S. Som periments in the rat suggest that severance of 
guring the events the cor hic effect of stress, while in others there 
the stalk Ph inhibition I gs, pertinent data are also contradictory.5** 
was 2 ect in mind olated destruction of the pituitary stalk is a 
e esi alee ani i ions i 
t ae ly difficult operat )ften accompanied by accidental lesions in 
¢d 


due to di nterference with the gland or its nutritive 


the hypophys's: inding of adrenal-cortical atrophy after stalk 


Hence, the occas! 


vessels Sint be viewed itically . 
transectio? © t observatic re made on partially hypophysectomized rats 

Some pertinen sterior lobe and the stalk were removed, but small anterior 
(in which the a left intact), others on rats whose pituitary was transplanted 
Jobe remnants W chamber of the eye. Such experiments showed that exposure 
into the cone a histamine) can still stimulate the adrenal cortex to 
Be and to discharge its lipids and ascorbic acid even when connections 
enlar = . 


: mus no longer exists.°** 
ech aaa that neither denervation of the adrenal cortex itself nor 
ence of the connections between hypophysis and hypothalamus prevent 
the usual adreno-cortical response during the G-A-S. 

Heredity and constitution undoubtedly also have an important ner —_ 
suprarenal responses. The wild Norway rat has much larger adrenals t ‘ 
the inbred, albino laboratory rat. This is due mainly to a wenn in the 
development of the cortex.** It has been suggested that ee “a err 
exposure to stress in the case of the wild rat may be responsible 4 this 
difference and the phenomenon was interpreted in terms of the G-A-S con- 
cept. Curiously, wild Norway rats, kept under sheltered laboratory con- 
ditions from birth, had slightly smaller adrenals than recently captured speci- 
mens, although their glands were still much larger than those of ompentic 
rats. First generation crosses between wild and domestic Norways, however, 
had adrenals only slightly larger than those of pure domestic rats. 

It has also been claimed that in high-strung “nervous strains of rats, the 
adrenal weight is greater than in more passive strains.*"! 

These findings are particularly significant as regards the interpretation ° 
the “diseases of adaptation”. It is well known that only certain: aC 
Tespond to stress with a syndrome suggesting hyper- or dys-corticoidism. t 
is very probable that here differences in genetic constitution play an impor- 
tant réle, , 

The rat adrenal responds normally to AC! 

°wever, alarming stimuli (e.g., cold, a 
Saab 
= Bea 
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week, presumably becau 


e first Nterio 

a - acid discharge during the : et ATT or- 
ae cg nee yet react to stress by an inc site tt H tion 

5 , Oes - - > 
hypophysis plain why very young rats show — ittle cortical 
This may also Tea ne with folliculoids.*"" M dditigatt 

t following ov sage %s ? m4 tiong 
—— listed in various sections of this ge aa , ACTH. 
ervations, Hs 4g : far Gave lif 
d a tn during stress is deficient during the first days o 
isc s oe 
: : é the suprarenals n 

‘The influence of the diet upon the reaction of ae P ” J stress 

has previously been discussed in other connections. Let us mere nphasize 
we , , increases the | ae 
here that fasting during the A-R stage, greatly increases the | F cortical 
“ : bic acid. Administration of readily di ible food 
lipids, cholesterol and ascorbic acie. <i, affect o42 ie 
especially carbohydrate-rich diets, have an opposite effect. 

In acute experiments the corticotrophic — ad (judge y adrenal 
size, cholesterol and ascorbic acid) was not significantly a tered ir rats kept on 
protein-deficient diets.*** However, here the stressor action may have been so 
great that further accentuation became impossible. During the later stages 


of the G-A-S, the adrenal enlargement produced by stress is roughly propor- 
tional to the protein content of the food. This effect is not dependent upon 
the integrity of the protein molecule, since protein hydrolysates and mixtures 
of pure, essential amino-acids likewise increase the responsiveness of the 
adrenal during stress. Perhaps amino-acid mixtures facilitate the production of 
corticotrophin by the anterior-lobe. Diets rich in sodium tend to specifically 
inhibit the development of the glomerulosa, but otherwise they exert no impor- 
tant influence upon the adrenal response during the G-A-S, although they 
greatly sensitize the organism to the toxic effects of mineralo-corticoids (e.g., 
hypertension, nephrosclerosis, hyalinosis).°** 

It has been claimed that ascorbic acid administration inhibits the adrenal 
hemorrhages otherwise produced by diphtheria toxin in the guinea-pig,**° as 
well as the adrenal enlargement and cholesterol discharge caused by cold in 
the guinea-pig and rat. On the other hand, the cortical hypertrophy normally 


induced by thyroxine in the rat, is allegedly not prevented either by excess 
ascorbic acid or by thiamine. 


Adrenal Diseases of Adaptation 


Hypocorticoidism. — Ina sense Addison's disease may be interpreted as 
a disease of adaptation.™* It would be superfluous to survey its clinical features, 
since this has just been done in an excellent monograph, in which the relations 
of this disease to the G-A-S have also been discussed.™49 

It is obvious that adreno-cortical deficienc 
rupts the hormonal defense reaction to str 
diminishes resistance, because corticoid 
when necessary. If the disease is cause 


y. no matter how produced, inter- 
ess at the adrenal level and thus 
production can no longer be increased 
d by a local pathologic process devel- 
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adrenals ( yphilis, bilateral destructive tumors) 

sping in the "a of a prima in organ of the adaptive system. If, on 
opin ak of 4 S dices? 

y speé ; because of exhaustive overstimulation 


2 ad 
we and, the ac : 
A othe x S, the le led as a secondary disease of adapta- 
~ a G-A-S: ' Wes. i 
using experimental : 11 suprarenal necrosis has often been 


with LAP or prolonged exposure to 
findings with clinical observations, it has 
requent occurrence of bilateral adrenal 


a yed following chro 
obser” in an effort to co 


gree ated that “the 


been * * which is conduc ary infection of the adrenals and eventu- 
necrosis: the develop lison's disease, may perhaps be explained 
ally leads to f such a ti caused by prolonged overstimulation’’.°” 


on the basis © 
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APPLICATION OF SWEAT TEST IN CLINICAL DISORDERS 
OF ADRENAL CORTICAL FUNCTION 


Note 


that in patients with Addison's disease or pan-hypopituitarism, NaCl losses Bhroughs tbe 
Sweat are above seca unless DCA treatment is instituted. In bypencortiagicies. iene! 
ey Cushing's syndrome) NaCl excretion through the sweat is oem ba fb 
TKS excretion generally parallels the degree of NaCl retention, both being indic are 


Correlation between adrenocortical activity and NaCl excretion through the sweat. 


‘(After Conn B46371/49.) 


In man, Addison's disease can occur 


od tice localization of 
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Of course any stressor may cause a purely functional 1yhasis 
ticoidism”, if the corticoid production 1s not eemunensurate wit ncreased 
requirements occasioned by the damaging agent.” Here we m irther dig 
tinguish between relative deficiency in all or only in some ; rs of th 
cortical hormone group. (cf, below). . 

Significantly, in many diseases there is a decrease in the blo lium eo 
centration accompanied by an increase in melanin formation are die 
noted in Addison's disease. It has been shown that, in vitr« oxides 
of various hydroxyphenols to melanin is inhibited by ascorbic espesann 
in the presence of NaCl. Lack of NaCl accelerates melanin formation in y 
such conditions, perhaps because it facilitates the oxidation o! orbic ac i 
Hence, it was suggested that in Addison's disease, as well as in many aan : 
disorders capable of producing at least relative hypocorticoidism, melanin rir 
mation is augmented because the “melanogens” (hydroxyphenols) are poate 
protected by ascorbic acid against oxidation.** Should this be correct, at Lea 
the melanosis of Addison's disease would be especially dependent upon came 
metabolic changes (hyponatremia, fall in blood-ascorbic acid) known to a: 


trom exposure to stressors. 


Adrenal hyperactivity. — It would be redundant to devote much space t 
adrenal hyperactivity as a disease of adaptation. It is obvious that any ee 
resulting in a purposeless, continuous increase in the production of contig 
or adrenergic substances, could vitiate the development of a normal G-A-S in 
response to stress. If such a derangement be due to a primary prolifertin 
(tumor or hyperplasia) of the cortex or medulla, it would have to be re mE 
as a primary disease of this organ or adaptation. Conversely, when the h ‘ 
activity of the cortex or medulla is the result of exposure be stivess, the cone 


tion would fall into t i 
cata into the category of the secondary diseases caused by mal- 


ae ‘alates pages of this section we listed many observations suggesting 
medullary Siheess wilt excessive or abnormal production of corticoid and 
the chapter on the a itional pertinent observations have been discussed in 
recalled that often toa nivel in connection with Cushing's syndrome. It will be 
but to prima 1 atter is not due to a primary derangement of the pituitary, 
itp rd oe asms or hyperplasias of the adrenal cortex. ; 
the normal i kn iho conditions which can cause a deviation from 
stress. We suspect seer ione mineralo- and gluco-corticoid hormones during 
corticotrophic discharge f gi factors which qualitatively influence the 
cortex to a hantoae Kis ay anterior-lobe, or the response of the adrenal 
TH stimulation, In any event, many observations 

Suggest that such a derangement in the _Sluco-corticoid 


i i ——— quotient can cause 
disease. mineralo-corticoid 7 


It Is quite conceivab] a y: may lead to af 
(4 that i i 
: d sfunction of this type 


This could result in ant i among these two main groups of corticoids: 
hypertension, hyalinosi ary disturbances (e.g., the tendency to develop 
witliigtiethern bet sis, rheumatoid and rheumatic ‘che : iabetes) 

ng any obvious abnormality in es, gout oi diabetes 


*828 Kappert B42767 /47, Selye B1204/46, 
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d of excreted, F I hout any major structural change in the 


ce 
prod themselves 
jally signi i hyperplasia or neoplasia, in the 
J ; € 


: It is espec scl tly lead to hyperte g 

B eortex OF medu leac hypertension, arteriosclerotic 
paren diabetes and ements, which we would interpret as 
change of adaptation H is no doubt about an etiologic relationship 
ee e adrenal ¢ peripheral disturbance since generally 
bet’ sconced 1 cure 

en of the diseased - 
ap adoubtedlY: in the m: these “degenerative” diseases the adrenals 

7s conspicuously -rtheless, extensive systematic surveys 
are 2 medullary hyperplasia, is very common 


ested that adrenal c 


as stance in cardiovasc enal diseases. This has been interpreted as 
0 | ei ; : 

le: proof in favor of ou ew according to which these are diseases of 
daptation."™* We shall co back to this later in connection with the patho- 
i i ; 

genesis of arteriosclerosis iarteritis nodosa, hypertension, nephrosclerosis, 
etc. 


Pancreas 


Systemic stress. — The first systematic studies conducted to examine the 
characteristic effects of alarming stimuli (formaldehyde, morphine, atropine, 
adrenaline, spinal shock, surgical shock, cold, exercise) upon the structure of 
the pancreas, revealed merely that during the A-R stage the gland loses its 
normal whitish color; it becomes pink and translucent so that the Langerhans 
islets are readily distinguishable by the naked eye. The latter appear in the 
form of white spots situated along the course of the larger blood vessels. 
Histologic sections showed that the acinar cells lose their secretory granules. 
becoming round and small. Only in the immediate vicinity of the Langerhans 
islets do the acinar cells retain their secretory granules, forming an eosinophilic 
“halo” of almost normal excretory cells around the endocrine-tissue accumula- 
tions. Often the impression is gained that acinar or duct cells are transformed 
into endocrine cells. There is no doubt that, during the A-R, the relative 
Proportion of islet cells to acinar cells changes in favor of the former, however, 
this is largely due to the fact that the intense catabolic phenomena affect 
almost only the acinar cells of the pancreas.*™ 
we dogs, an acute hemorrhagic pancreatitis may occur after stimulation of 
= fa or thoracic sympathetic nerve chains. Hence, purely nervous 

muli are also capable of eliciting such inflammatory changes.*** 

Chronic starvation causes atrophy of the pancreas, in man, frequently 


a : 
companied by numerous pyknotic cell-lesions e exocrine acini.*** 


Essentially similar changes have 
ses of various drugs. F ce, 
He Pancreas of the cat 
oe never this could h 


in 
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of choline chloride Although the resemblance of this change -_ 
cnrou MOT ‘ a " . 1 ‘ ee 
istic of the A-R was emphasized halo” formation in thi iia 
ip » elect 558 as 
nevertheless regarded to be a specific vagus effect. Ye eee. 
guanidine derivatives also cause similar changes, often accom; iestinell 
hyperemia, fat necrosis, perivascular leucocytic infiltrations metime 
ac ooo s 
frank inflammation of the pancreas in the dog. In man Ichicins 
poisoning was found to cause some damage to the acinar cell ile there 
were “pictures suggesting the new formation of Langerhans islet exccting 


nao 


acini” 


Eos Sone pa Bigteate - A Normal pancreas — macroscopic view of the pancreas 
fol neg hana \ ety AR — macroscopic view of the pancreas of a rat similar 
peo gh ge fae ot tet i. ee received toxic doses of atropine. Note the distinctly 
Laat iste mer a 5 ae ets along the blood vessels, The pancreatic lobules are atrophic 
ree a nee A-R — section through the pancreas of a rat, in which 
pth erp in : produced by excessive, forced muscular exercise. Note that acinar 

ormal only in a halo-like area around the two Langerhans’ islets. Here, it 


contains numerous (eosinophilic creter ri ie: he remaining acinar tissue shows 

‘ philic) secretory granules - ining i i 

no sign of secretion and is atrophic, . i - -. . ye “te 4/46. f 
(Alter Sel 1204/46.) 


In rabbits, given i 

» given intravenous injections P 
ial tics ions of allyl- The, < - 
titis’” is of common occurrence.°8% allyl-formiate, ‘serous pancrea 


Another series ite 
Benin pon [atone has been summarized as follows: ‘‘an alarm 
p pera ae experimentally in rats, dogs and rabbits with large doses 
3 pyrine, selenium compounds and other drugs. It was found 


that all these alarmi imuli 
ming stimuli can ca 
use loss of zymo S i 
cases, even focal necrosis of the pancreas” 5S! < Jans 


A patient, wh i 
, who i i 
Meit, 08 AG aaa for angina pectoris, suddenly developed 
found at laparotomy, Cae A hard, greatly enlarged pancreas was 
: i i 

non-specific acute pancreatitis meek Ne ee - 

Conspicuous damage to the Lan 
with A-R changes, during severe 
treatment in th : 


ae islets has been noted, in association 
; J phtheria in man and af i -toxin 
e - ; nd after diphtheria-to 

guinea-pig. This was held responsible for some me the accom 


®8 Sergeyeva 72174/38, oe 
*59 Dische and Go = ay, * ¥ 
340 Dustin oc ee 19784/33. 5 s 


351 
{ lay ) 
abolism Perhaps here again 


pany b factors of the organ will be most affected 


onditionng 
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pilectric shock can necrosis, a fact whose possible 

<j ifican I ed." 
o-legal significa 
nedico s : ; ‘ 
The extraordinarily ynounced involvement of the pancreas 
| - ¢ ” 

both during acute (A-! plicas of “diseases of adaptation’ ) 
: sure tO stress SU9GY ible pancreatic lesions in man may find 
ped nation in det adaptation mechanism. 


pei expla 
t of the Pancreas During the G-A-S. — 


the development of Langerhans islet 
e pancreas. Sil 1me time, the acinar tissue is also slightly 
increased, ; here, the response is specific and not 
merely due to an Boke 

It is highly probable that the so-called “diabetogenic hormone” and ‘‘pan- 
creatotrophic hormone” actions are actually due to somatotrophin. Depending 
upon conditioning factors such anterior-lobe preparations either stimulate or 
“exhaust” and destroy the Langerhans’ islets.°*° Thus the level of somato- 
trophin production would play an important role in determining the response 
of the pancreas to stress. Unfortunately this aspect of the G-A-S problem has 
not yet received much attention. 

Curiously, unlike the mineralo-corticoids or the ‘endocrine kidney” (see 
below) LAP is comparatively ineffective in producing severe vascular lesions 
in the pancreas, or any other organ outside the kidney.% Perhaps LAP 
increases both mineralo- and gluco-corticoid production and the latter tend to 
antagonize this particular effect of the former. 

Chronic treatment of rats with toxic doses of DCA,*** or desoxocortisone 
causes especially pronounced vascular changes in the pancreas. In the acute 
stage, these tend to produce edema, pancreatic necrosis and inflammatory 
changes, while in later phases, they result in scar formation with fibrosis. 
Cortisone can prevent these changes. 

Essentially similar, but even more rapidly developing pancreatic lesions 
are produced by the “endocrine kidney”.°® 
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cal observations tend to confirm this view. It h noted 


Certain clini 
esult from a generalized arteritis 


that pancreatic necrosis can r See 1 as is 

caused by mineralo-corticoid overdosage. Furthermore, pancr« (some. 

times accompanied by parotitis) is frequently observed in men 1 ieee 
; . : : - diseases 5728 } 

hunger edema,® or various acute infectious diseases and ionally 

after thiouracil intoxication.” 

Diabetes as a disease of adaptation has been discussed elsewh« 263). 
Let us add that since that chapter was written, the reduced glu ione and 
uric acid content of the blood was found to be usually normal in « tics, 572b 
but evidence of an increased corticoid production and the partici n of the 


G-A-S mechanism has been strengthened.**¥° 


Thyroid 

Systemic stress. — Changes in thyroid structure are not particularly char- 
acteristic of the G-A-S. In the rat, there appears to be a slight tendency 
towards thyroid atrophy during an A-R, caused by alloxan ***° formaldehyde 
injection ** and during starvation..*4 Of course exposure to cold is highly 
effective in stimulating the morphologic development 5% and radio-iodine 
uptake 57° of the rat thyroid, but this is a specific response designed to maintain 
the body temperature. However, some degree of apparently non-specific 
thyroid stimulation has been noted even in the rat under certain experimental 
conditions, for instance, after production of frost-bite by local cooling 57 
and after burns.°78 Studies with radio-iodine led to the conclusion that in 
rats “apparently various stresses lead to an increased production of thyroid 
hormone, but there was also an increased rate of utilization of it’’.*”° 
eee in the guinea-pig — which is notoriously sensitive to thyro- 
rophic stimuli — diphtheria toxin °°” and many other stressors cause thyroid 
hyperplasia.**" 
gee saa Sagat fever, due to diatherm or radiotherm 

; show colloid depletion with h i ini 

epithelium. p yperplasia of the lining 

Stimuli i ; 
ae — Lien the Response of the Thyroid During the G-A-S. — It 
ae vias aa at transection of the pituitary stalk prevents the thyro- 
phoning ite posure to cold in the rat.*** It will be remembered, however, 

at the thyroid stimulation by cold is f a speci i i 
Baa cir ede part of a specific adaptive response; it 
os ak etcketly penn Spay by raising the B.M.R. Hence this reaction 
Adrenals — Nervous Siew age re aaiieencusty, mentions? 
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’ shyrotrophin lso occurs under the influence of various 
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ic stres edly exert their thyrotrophic effect 
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Data In man, adr rs to increase the uptake of radio-iodine 
conic ne oid This v | to be an indirect effect mediated by the 
by the t Y drenocortical ince the response was absent in patients 


‘tarism. These experiments would indicate 


iz drenal cortex au the thyrotropin stimulating action of epine- 
that aS However, in the ict rat, adrenaline considerably decreased the 
— f radio-iodine by e thyroid, while after adrenalectomy, the same 
were Siced a pronounced increase, In the dog, the inhibitory effects 
ee renal were manifest only after several days of adrenaline treatment. 
a , species difference .. "5840 In the future experi- 


: Pe ats 
wThis apparently represen | 2 : 
oe aiong these lines, it would be desirable to determine the radio-active 
ments $ 


jodine uptake at different time-intervals after initiation of adrenaline adminis- 
tration, especially if we accept the view that the hormone may act merely 
by causing an A-R.584 In this event, the thyroid response — as most other 
changes during the G-A-S — may be triphasic and could accordingly be 
reversed during the countershock phase. This possibility would be particularly 
likely if the adrenaline-effect were mediated through the adrenal cortex, as 
some investigators assume (cf. below). In any event, the data strongly suggest 
that, during the G-A-S, the response of the thyroid is considerably influenced 
by the adrenals. ' 

Adrenocortical extract and DCA do not appear to affect significantly the 
uptake of radio-iodine by the rat's thyroid.**#* Yet, in patients with Addison's 
disease, the uptake of radio-iodine by the thyroid is low and rises (up to 
four-fold) following treatment with cortisone or adreno-cortical extract: 
Hence, it was suggested that corticoids facilitate the release and/or action of 
thyrotrophin,®8* but preliminary experiments on rats suggested that cortisone 
inhibits the thyrotrophic effect of adrenaline, as judged by this criterion.** 
Indeed in normal man and in addisonians, the initial rise in radio-iodine uptake 
is also followed by a marked depression if treatment with cortisone be con- 
tinued over four days.°%4* In mice cortisone causes thyroid atrophy." 

Experimental renal hypertension is claimed to cause signs of eee 
7 aan with the eventual development of exhaustion in eS pie Wd 

Fe i. bit. These phenomena have been discussed in relation to t ” - “ ‘ 

@ exact nature of this purported relations ee been elucidated. 
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It has repeatedly been stated that in times of war, = hyper- 
thyroid goitre increases os? presumably due to gee stress. e term 
"“Kriegsbasedow™ has been used to designate this conc ition in ena 
literature.** Yet, during the second World War for instance, ii noted 
that although the incidence of goitre increased greatly in som ies. it 
decreased in others. An analysis of these data led to the conclus -<itleat 
environmental factors (as in the alarm reaction) must play some e ric r6le, 
What the factors may be, nutritional insults, psychic trauma or a combination 
of these, is not clear’”.°% 

In undernourished patients, and especially in those suffering from hunger- 
edema, the thyroid tends to store colloid and appears to be hypofunctional.58% 

The beneficial effect upon the course of hyperthyroidism of removing a 
focus of infection’ for instance a chronically inflamed appendix °”' like- 


wise suggests some relationship to the G-A-S. In this connection it has been 
emphasized that infections, surgical trauma (even at a distance from the 
thyroid), asthma, etc. may make a preexistent “latent” hyperthyroidism 
manifest, or may produce a thyroid crisis.°° In any event, it is undoubtedly 
true that various stressors such as emotional shock, infections, exposure to 
cold, etc., may precipitate hyperthyroidism in predisposed individuals." 


Perusal of the pertinent literature leaves the impression that the thyrotrophic 
effect of stress — like so many other manifestations of the G-A-S — is largely 
dependent upon incidental conditioning factors (e.g., heredity, diet, age, sex). 
Thus, an A-R may elicit thyrotoxicosis in ‘constitutionally predisposed” 
individuals." In agreement with this interpretation, one of the most prominent 
students of thyroid disease concluded that: “I surmise that Graves’ disease 
is somewhat analogous to the adaptation syndrome of Selye except that it is 
pathological. Perhaps tentatively we might call it a ‘maladaptation syndrome’ 
and look on it as a type of response that persons of certain constitutional 
pattern make when they encounter certain adverse circumstances in living. © 

Conversely, hyperthyroidism appears to sensitize the body to the stressor 
action of various agents, and in particular to the production of ‘serous 
inflammation’ 5*** 

Some relationship between the adrenal cortex and the development of 
hyperthyroidism has been suspected for a long time,*®* but pertinent data are 
eather contradictory. Thus, one investigator came to the conclusion that the 
adrenal cortex is usually hypoplastic in patients who died of hyperthyroidism 
es pet em ome ot 
siahentin inte ; YPop: ania indicates a failure of adaptation of the 

9 in the sense of Selye.*” Another worker claims that “in thyrotoxicosis 
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oe ae ee a. h resistance during a thyroid storm and counteract 
bag Bee aifestations of hyperthyroidism. A preéxistent latent adreno- 
the a i weacy may therefore predispose to severe complications in 
ee Biase and particularly, to the development of exophthalmos. Hence, 
we a i ccected that many patients who die during a thyroid crisis have 
f Bexactic Eiveaal cortices, while cortisone and ACTH are beneficial in com- 
eae this complication. If the adrenal cortex is efficient, it undergoes hg 
plasia and will thus compensate for the increased corticoid a eee a 
this sense, it would largely depend upon the relative proportion : ‘ dseg = 
and ACTH production during stress whether an alarming athens us would te 
to produce hyperthyroidism, or mitigate its complications. 

The gluco-corticoids may act upon exophthalmos in particular, eer the 
same mechanism which is also responsible for their beneficial e a Meee 
theumatoid granulomas. In both cases they apparently help erga : 
readily dispensable tissue stores of mesenchymal cells and diminish lymp 
stagnation and edema. 


Hypothyroidism. — Several investigators regard the so-called ce aeacinte 
crises” as manifestations of an acute thyroid hormone deficiency. It has been 
noted that while various stressors (¢.g-, operations) may elicit a Renn 
crisis, they also tend to cause a strongly negative iodine balance, even in norma 
persons.°8§ Infections, traumas, emotional excitement, etc., allegedly increase 
the “consumption” of thyroid hormone. This leads to Cs Sages 
most readily in patients with Grave's disease, because their thyroid is usua ! 
very poor in hormone stores. Therefore, “the hypothesis must be ha 
that hypothyroxinemia can elicit malignant hyperthermic crises ollowing 
infections or traumas, even in normal individ ee cae 
This type of response has beer pre Be eralint of t diet 
characterized by a particularly severe hyy ' ' pp 

“e to an insufficient thyroid | Ss 
‘ormone treatment seer 
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~ct that an excess production 
st that ar f 
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many observations sugge 
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The possible relationship between my xede ma co a b ve ould 
also be considered here In both there are abnormal deposits o ae 
material in the extrac ellular spaces of mesenchymal tissues. | ee 
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Testis and Male Accessory Sex Organs 


Systemic stress. — Involution of the testis and the male acc ry sex 
organs is a very characteristic effect of exposure to systemic st The 
mature spermatogenic cells are particularly sensitive, but in the case of intense 
and prolonged exposure, all elements of the seminiferous tubules, except the 


Sertoli cells and the most immature elements of the spermatogenic series (e.g., 
spermatogonia, primary spermatocytes), disintegrate and many polynuclear 
giant-spermatocytes appear in the tubular lumina. The Leydig cells also 
involute and the testis assumes an almost embryonic appearance. Curiously, 
the normally undeveloped mammary glands of men may enlarge considerably, 
perhaps due to some derangement in the intermediary metabolism of steroid 
hormones.*”” 


Involution of the testis and accessory sex organs has been seen to occur 
in the rat under the influence of traumatic shock, simultaneously with other 
manifestations of the A-R, such as thymus involution and adrenocortical 
enlargement."* Similar changes occur in the testes of rabbits, after ligature 
of the common bile-duct.°°* 


In the past, ignorance of this non-specific effect of stress has repeatedly led 
to false conclusions concerning the endocrinologic consequences of various 
operations. For example, it has been thought that the testicular atrophy seen 
after removal of the head-appendages from cockerels is due to a specific endo- 
crine derangement. However, subsequent systematic investigations led to the 
conclusion that the gonadal changes “... are likely to be after-effects of the 
complex changes, which are known to be produced by traumatic shock and 
by the consequent alarm-reaction’’.°4 

Exposure to extremes of temperature exerts similar effects. Thus, in rabbits 
exposed to heat (diatherm or radiotherm) “necrosis of germinal epithelium, 
with edema and hemorrhage in the interstitial tissues, was found in the testicles 
of the animals exposed from 8 - 40 hours to high fever. The nuclei of the 
germinal epithelium showed changes varying from simple pyknosis to com- 
plete lysis. Giant cells with dense peripheral nuclei and hyaline cytoplasm 
vie elas present. Acidophilic cell debris filled the lumina of the tubules. 
comiemigatemepert en er 
be found in tubules in which all ee , Wenge Bee ne 
cells showed only a slight sw thin ne a destroyed. The interstitial 

slight swelling with some vacuolar degeneration.’*” 
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Effect of G-A-S upon seminal vesicles of the rat. — A. Semin , r ‘ : 
as control for B, cane D in which an A-R was produced by exposure during 48 hours to the 


= i vical vertebra, 
Stre i i inal cord at the level of the 7th cervica , 
ssor effect of: — B, transection of the spi Se a ceicine Twhne facd was 


— C, exposure to col 2 C°), — D, repeated forced muscu é eats 
withdrawn, an ae 4 — B ge vesicle of rat exposed to cold ap ge 
and exhibiting manifestations of the resistant phase. Note that decrease in the size ee 
accessory sex organ (presumably due to diminished LH formation) can occur ot ghee] 
Tesistant phase, presumably due to “shift in pituitary hormone production . a — 
or H. — H. Seminal vesicle of a rat exposed to cold during 30 days and ex ibiting rom 
festations of the exhaustion phase. Note that here the involution is particularly severe. (Atte 
Selye 35935/'ND.) 
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The number of mitoses was small. Serto 


even in the rete testis. a vere 
increased in number. Mature spermatozoa were found even in | imens 
with no spermatogenesis. Apparently uninjured spermatozoa ap; n the 
seminal vesicles. In the second month, gross examination reveal e A 
few necrotic germ cells remained, but most had disappeared, an: cytic 
or infiltrating inflammatory cell activity was absent. A few biza ls still 
approximating the basal membrane appeared to be spermatogonia. ~ 5 cells 
were more numerous, The tubules had started to shrink, At this t lso the 
interstitial cells of Leydig were so prominent that some interpreters idered 
them hyperplastic. Some of the small interstitial vessels showed the most 
marked vascular change of any part of the body. Beneath the distinct, thin 
endothelium was an eccentrically located mass of eosinophilic, homogeneous, 
refractile material that almost occluded the lumen. This change was often 


best seen near the tunica albuginea and was present also in the third and 
fourth months. The interstitial tissue was less, but still prominent. The base- 
ment membranes were quite thick, wavy and acellular. The tubules, more 
atrophic at this stage, were often hyalinized. Elsewhere Sertoli’s cells had 
replaced the germ cells, which were rare. In the third and fourth months the 
state of nourishment was poor and specimens from the Dachau prison camp in 
Germany have been described as showing similar testicular changes’’.*'’ Yet, 
even the testicular lesions caused by neutron bombardment are reversible, if 
the damage is not too severe."1 


In various animal species ionizing radiation produced the same changes. 
Here again the great radio-resistance of the interstitial cells was very striking. 


Nervous stress likewise causes characteristic G-A-S changes in the testis. 
pc intense degeneration of the seminiferous epithelium, with the formation 
of polynuclear giant spermatocytes, has been noted in men who committed 


suicide or were executed. Here, the emotional strain preceding death was 
considered to be the responsible stressor agent." 


In paraplegic men, excessive development of the breasts may occur and it 
was concluded that: “it is not unlikely that the adaptation-syndrome with its 
consequent hypopituitarism, might be instrumental in bringing about hypo- 


ug os and thereby contribute to the pathogenesis of gynecomastia in para- 
plegia due to traumatic injuries of the spinal cord’’.*12 


Somewhat comparable lesions were observed in rats exposed to anoxia;* 
a was accompanied by infertility as long as exposure Cans noitiniied 
L caer ge a however, since testis structure and fertility returned 
> Heaeneaet yee an adequate rest period." It is also noteworthy that in 
pis le —— exposure to mild reduction in atmospheric pressure, 
pete : © Repro noemel; although the seminal vesicles involute 
pre cae te eats ity is reduced. "7 Curiously, the sensitivity of the inter- 
anes ae es appears to vary considerably in different species. It is 
po ail ie he mouse and very slight in the rabbit.°!8 The males of 

mal species and men become sterile when transferred to high alti- 
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the pathogenesis of car 


The testis involution t particularly severe — and is often accom- 


ied by gynecomastia in axillary hair and diminished libido — in 
es fering from / ; cirrhosis. Here, the participation of a specific 
— difficult to exclu ince the liver plays such an important role in the 
ee cation of steroid hormones. Yet, it is noteworthy that in most of these 
el with testicular atrophy, autopsy also revealed a marked decrease in the 
adrenal lipids, such as occurs during certain stages of the G-A-S.°*? 


Suffice it merely to mention that various drugs, given in doses capable of 
G-A-S, cause similar testicular involution. This has been found 
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a 
aan case in rats after administration of formaldehyde 623 or nicotin tA 
in guinea-pigs exposed to carbon monoxide,®2* in rabbits given ascaris toxin” 
and in many other intoxications.°** 

The fact that various dietary insufficiencies cause a similar type of sex 
organ involution is too well known to deserve a detailed discussion here. While 
certain deficiencies (e.g., E-avitaminosis) undoubtedly exert a specific effect 
upon testicular structure, most types of malnutrition appear to affect the male 
gonad merely due to the development of a G-A-S.8 

This may explain the frequent occurrence of testis atrophy, loss of libido 
and gynecomastia among inmates of concentration camps.®° In one series 
of 300 undernourished prisoners of war, 15 were found to have testicular 
atrophy and all had complete loss of libido and potency. 36 had manifest 
gynecomastia at the time of observation while another 12 had had it before. 
Curiously, the gynecomastia often appeared or was aggravated immediately 
upon return to a normal diet, but after the general condition of the patient 
improved, the gynecomastia disappeared. The participation of deranged hepatic 
function in the pathogenesis of this gynecomastia has been considered but could 
not be definitely proven.**” 
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f normal spermia. } tn 


that here — as in so 
observed facts is completely 


It is especially noteworthy that, for instance in rats, overfeed ine 
can cause testis and seminal vesicle atrophy, possibly due to tl Iting 
G-A-S.™* 

Stimuli Influencing the Response of the Testis and Male Acce Sex 
Organs During the G-A-S. — It is generally assumed that syst stress 
produces testicular atrophy, due only to a diminution of gonadotrophin 
secretion. In agreement with this assumption, hypophysectomized animals 
show most severe involution both of the seminiferous epithelium and of the 
Leydig cells; in them the process is not further aggravated by exposure to 


non-specific stress.°** However, hypophysectomized animals spontaneously 
take little nourishment and tend to lose weight. Hence it is of special impor- 
tance to note that in rats force-fed with approximately normal quantities of 
food after hypophysectomy, the involution of the testes and accessory sex 
organs was not influenced, although the body weight increased.*** 

The possible influence of hypophyseal stalk transection upon the testic ular 
involution during the G-A-S (e.g., that caused by exposure to cold) has been 
investigated. The interpretation of pertinent results is difficult, however, because 
the operation in itself often tends to cause testis involution.®®> Perhaps this is 
due to the stress of the operation or to incidental lesions to the anterior-lobe: 
further work will be necessary to clarify this point. 

ACTH, allegedly inhibits the development of the seminal vesicles and 
prostate, in testosterone-treated castrate rats,"*" but this may merely reflect 
the general catabolic actions of the resulting gluco-corticoid discharge. Certain 
impure corticotrophic preparations actually stimulate the growth of the 
accessory sex-organs, even after castration, presumably because they increase 
the production of testoids by the adrenal cortex.®%” : 
= Meee oe restores the testis even 
the spermatogenic epithelium “LH f re verrerty ee = ee 
secretion of the Leydig cells." Suitabl € structural integrity and endocrine 
the testes of rats exposed to ‘ variet : f pee capt a see SS aoa 

y of systemic stresses.**7Growth hormone, 


° 
n the other hand. appears to aggravate the testicular involution, for instance. 
during the stress of partial starvation.®*8 
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i ly to emphasi ; during the 
ae guna be ee ‘a high doses of ae 
Overdosage with DCA causes Peveltin a ny ane ee epithelium and 
the Leydig cells in various experimental ae + ie 4 4 eC i Sensi 
tized to this mineralo-corticoid by unilateral nep ie is / '9 » sodium diets, 
there may also develop serious vascular changes an Pr. edema of the 
testis. DCA, desoxocortisone or cortisone aot no stimulating effect upon 
the accessory sex-organs of male castrate rats. | 
It is particularly noteworthy that in castrate male rats the production of an 
A-R with marked suprarenal hypertrophy is unaccompanied by any stimulation 
of the accessory sex organs. ‘It is concluded that the adrenal cortical hyper- 
trophy, co characteristic of the alarm-reaction, is not accompaniec| by increased 
sex hormone production”."“’ Yet estrone apparently can stimulate the acces. 
sory sex organs of orchidectomized rabbits to undergo changes similar to 
those elicited by small doses of testoids; hence in this species we must admit 
“the possibility of an indirect production of endogenous testoids due to stim- 
ulation of the adrenal cortex by estrogen’. 

Allegedly the testicular lesions caused by starvation in the rabbit are partial- 
ly inhibited by vitamine E, but not by vitamine A." It remains to be seen 
whether vitamine supplements would influence the testis damage caused by 
other stressors, 


Testicular Diseases of Adaptation. 


Various types of hypogonadism are probably due to a diminution of gonado- 
trophin secretion during stress, when the pituitary has to produce large 
amounts of ACTH to maintain life. 

It will not be necessary to discuss such derangements in detail here, since 
they have already been considered in the preceding pages. Let us merely 
reiterate that, in man, the most common consequence of exposure to systemic 
stress are: loss of libido and potency, involution of the testis with particularly 
severe degenerative changes in the more mature elements of the spermatogeni¢ 
series and a tendency to develop gynecomastia while the typically male acces- 
sory sex organs involute, 

Only severe and prolonged stress can induce the picture of actual eunuchoid- 
ism, but many common, minor “psychosomatic” sexual derangements of the 
male are probably the result of abnormal adaptive responses to the stresses 
and strains of daily life and therefore primarily diseases of adaptation. 
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since upon continued exposure to 
irds normal and vaginal cycles reappear as 
quate. The change was ascribed to the well- 
hormone production”, which consists in a diminu- 
it a time when a greatly increased elaboration 


of ACTH is indispensal le for the maintenance of life under stress. During 
the anestrus of the G-A-S, th ovarian atrophy may become just as severe as 
after hypophysectomy. FE ven the “wheel cells’ characteristic of severe hypo- 
physeal insufficiency tend to appear in the theca. On the other hand, though 
the anestrus be permanent. follicle maturation and corpus luteum formation 


may continue in animals which are not especially severely damaged. Under 
these conditions, usually only one or two (instead of the normal 10-12) fol- 
lies are transformed into corpora lutea at each ovulation. Apparently this 
“anestrus ovulation” is a counterpart to the so-called “anovular cycle”. Cor- 
responding changes in women have been designated as “amenstrual ovula- 
tion’. 

It is interesting that in certain fishes, such as the bitterling (Rhodeus Amarus), 
nuptial coloring and lengthening of the ovipositor occur under the influence 
of various non-specific stressors (e.g., intoxications with drugs, exposure to 
cold). These changes can also be produced by various steroids and they have 
been used as the basis for the bioassay of endocrine principles (e.g., corticoids, 
folliculoids, luteoids). However, the results of systematic investigations con- 
cerning these tests have been summarized as follows: ‘As there is a marked 
resemblance between the observations of Selye in mammals and those in the 
bitterling, the hypothesis is suggested, that in the bitterling, experimental 
ovipositor lengthening is the visible expression of an alarm reaction”."47 This 
interpretation does not imply that the ovipositor lengthening (or the nuptial 
coloring) is independent of steroid hormones, but merely that such indicators 
cannot be regarded as specific of certain steroids since similar hormones are 
endogenously liberated as part of the G-A-S. = 
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causes of systemic stre ( ‘ d -volutions this beneficial chang ventana 
been found that during wars an re “eee | te 
conto yeeex incidental to such upheavals (cf. ( riage 
presumably due to stresses incidente : 
eases of Adaptation). . 
esses of various kinds may ecipitate 


It is also known that non-specific str 
an abortion and tend to cause interrup 
animals and in man."° These changes a 
in the anterior-lobe hormone production : 
comitant decrease in FSH, LH and prolactin production (cf. Pregnancy Dis- 
eases of Adaptation). 

Various stress-producing surgical interventions cause ovarian atrophy in 
animals. This has also been noted to occur in rabbits, following ligature 
of the common bile duct ®° and was ascribed to the G-A-S. 


Ionizing radiations, for instance, x-rays, are well known to cause ovarian 
involution and amenorrhea. This is true not only of direct irradiation of the 
gonad, but also if systemic stress is produced by exposure of other parts of 
the body." 

In Japanese women exposed to the radiations of the atomic bomb it was 
found that: “Primary ova were usually present and only occasional specimens 
had a few atretic primary follicles. The absence of developing follicles 
was usual. There were no corpora lutea and the ‘resting phase’ of the 
endometrium reflected this. Amenorrhea was distinctly increased in Naga- 
saki, and a significant number of abnormal births and an increased death 
rate of the mothers in relation to distance from the explosion were found 
there.” ... “Histologically, the ovaries showed less striking changes than the 
testes. During the war years in Japan, there was a high incidence of amenor- 
rhea, increasing from 4.3 per cent in 1932 to 12 per cent in 1944. In 1944, 
the incidence among 316 nurses of the Tokyo University was 13.3 per cent. 
According to Japanese gynecologists, this was due to malnutrition, overwork, 
and anxiety associated with bombing. Thirty-six per cent of the women in 
Hiroshima and 29 per cent of the women in Nagasaki, between the ages of 
15 and 49, who were within a distance of about 5,000 meters, experienced 
menstrual disorders. The majority of these had one normal period following 

the bomb and had cessation for an average of three to four months. A year 
later no patients were found complaining of menstrual disorders attributable 
to the bombing”.° Essentially similar ovarian lesions with anestrus have 


occurred in Various animal species after total-body x-irradiation or internal 
treatment with radio-active elements,%8 


tion of lactation, both in e ; rimental 
are probably also due to the “shift 
and more specifically to the con- 


Systematic studies on women who underwent electro-shock therapy reveal- 
ss va ee — were often shortened and sometimes prolonged amenorrhea 
Pcp ind : : am a However, occasionally, menstruation reappeared 
pet ‘ women after the shocks.%4 [t js probable that such derange- 

are again due to the stressor effect of this intervention. 
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yarious nervous and emotional stimuli likewise tend to cause derangements 
” female sex organ Thus, in imprisoned women, ovarian and endo- 
in a atrophy is often « ith prolonged periods of amenorrhea. 
etrial «© ; 
meth | P 
igested that the genital lesions are secondary 


study of such pati: 


A Eee! stress,” but ‘f course, the réle of malnutrition (see below) 
to eae be considered. ‘he common “amenorrhea of nervous origin’ has 
must 4 impared fo post-o} ive amenorrhea, as well as to other types of 
been parent in the sexual cycle due to non-specific stress.*** Systematic 
derang ations on a large necologic material led to the conclusion that: “Such 
Inve undoubtedly init neuro-hormonal mechanism, analogous to that 
Sly described by Sely: being characteristic of all excitations which 
‘rimulate the hypothalamo " pophyseal system, that is, by all alarming stimuli, 
“vhatever their nature may be as long as they produce manifestations of the 
adaptation-syndrome ‘. 


Intense muscular exercise likewise causes ovarian atrophy with estrus dis- 
turbances in the rat ®* and presumably the menstrual derangements so com- 
monly noted among female athletes are also G-A-S effects. 


Anoxia tends to delay the first estrus in young rats and may result in partial 
or even complete sterility. Similar observations have been made in various 
other animal species and in man.*’ Exposure of lactating rats to decreased 
atmospheric pressure inhibits milk secretion sufficiently to occasion markedly 
increased mortality among their young."* 

Among spontaneous diseases of man, focal infection has often been claimed 
to be the cause of prolonged amenorrhea ** and of course it is well known that 
almost any disease which represents a grave systemic stress can cause amenor- 
thea and ovarian atrophy.®** 

In women with Laénnec’s cirrhosis of the liver, atrophy of the accessory sex 
organs, suggestive of diminished ovarian function, is often particularly pro- 
nounced. However, in view of the rather specific réle of hepatic tissue in the 
detoxification of steroids, it is quite possible that here the derangement is not 
exclusively due to the resulting G-A-S. 

There is abundant evidence to show that various drugs also cause involution 
of the female accessory sex organs (and, during pregnancy, abortion) if given 
in toxic doses to animals °° or women “* For instance, ascaris toxin causes. 
Severe ovarian atrophy with intense follicular atres' rabbit.°** 
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d -ts by eliciting a G-A-S, but curiously, the eon ase ticeably 
rug “ie so that some specificity in the effect of this drug must nsidered, 
— -in, given in large doses, induces ovulation in rabbits.‘ remaing 
ri aon hates this is a specific effect since electrical stimul or treat. 
~—s it rues other acutely toxic ae 67 Uewise elicit i gle ovate 
tion before the ovary undergoes atrophy. - apr eer } as bees 
attached to the observation that dibenamine ocks t é. isc ar gonado. 
trophin from the anterior-lobe which normally occurs a <i - with fol. 
liculoids."*! but even the specificity of this blocking action has been tioned 672 
Perhaps the most systematic studies along these lines have bi n performed 
with folliculoids, which, if given in large doses at the tight period the cycle, 
will elicit a single ovulation, but subsequently induces ovarian atrophy.%%3 The 


possible relationship of this biphasic reaction to the G-A-S would deserve 


further study. 

Malnutrition (whether qualitative or quantitative) is notoriously conducive 
to ovarian atrophy and cessation of the sexual cycle. Here again, the change 
has long been recognized as being due to the “hypophyseal shift” incident to 


; the G-A-S.°* 
3 It will also be recalled that ovarian atrophy is part of the ““‘pseudo-hypo- 
it physectomy” syndrome which results from chronic undernutrition in rats. 
4] Observations in this species led to the conclusion that: ‘‘the starved rats 
lb 

‘| 


reacted as if they had been hypophysectomized in that ovaries, uteri and 
f vaginal epithelium underwent marked atrophy. They did not differ from hypo- 
physectomized rats as concerns their potential capacity to respond to exo- 
genously administered gonadotrophins since administration of rat pituitary 
suspension, rich in gonadotrophins, restored ovarian, uterine and vaginal cells 
to normal. Therefore, the conclusion that the circulating blood was low in 
gonadotrophin content seems warranted”.®"* Judged by observations on chron- 
ically undernourished rats it appears that the gonadotrophin content of the 
anterior-lobe actually increases while the ovaries involute and the estrus cycle 
ceases. Presumably the discharge of gonadotrophins is even more markedly 
impeded by stress than their production,®7 


In the case of the so-called “war amenorrhea” (closely related to ‘‘Fluchta- 
menorrhoé”, “Arbeitsdienstamenorrhée” or “Ghettoamenorrhée” of the Ger- 
man investigators),""' it is often difficult to determine the relative réle played 
by undernutrition, emotional upsets and other stressors. Most investigators 
agree, however, that this phenomenon is due to a systemic stress effect. 


Such amenorrhea and ovarian atrophy was often seen among inmates of 
Various concentration camps during the second World War.*78 According to 


#68 Cranston B27853/45, 


Noble and Plunkett B39692/49 ®77 Overzier B27372/48, 
: sao feikett and Noble B39695/49, ona Sweeney fal, B2459/47. 
670 Selye 94572/49, Copelman B38868/48. 
*71 Everett et al, B33144/49, Heynemann B34571 /48, 


Sawyer et al. B33143/49, LE rscher B45240/48, 


laddock and Hell 
46 Rinaldini Bacco gs, BI7S65/47. 


367 
survey 10 the won heresienstadt, 54 cent cent of the 10,000 
one SUE ceased to men ‘rt cent in the first month of the imprison- 
inmate per cent in the |S per cent in the third month. In one smal] 
ment. of women who ter h oused and not in danger of their lives, 
rou —_ cent had an Vienstruation usually returned spontaneously 
only ome time, althou rition became worse. After about 18 months, 
per * cent of the won 1enced menstruation.*7 These observations 
suggest that the ea is connected with the “alarming effect” of 
= Bes (malnutrition 1 vanishes after adequate adaptation has been 
acquire . 

Systemic investigation g the second World War also revealed the 
reat frequency of War an rhea” in Holland.** It was found that: “the 
ie undernutrition of ¢ inter of 1944-45 in Northwestern Holland was 
marked by the following efl upon pregnancy and the fetus: (1) amenorrhea 
and infertility were so common ay to reduce strikingly the expected number 
of births; (2) infants conceived before the hunger months, but born during 


them, were significantly below the expected weight and length.” In this series, 
lactation was not manifestlv affected nor was there an increase in the incidence 
of pregnancy toxemia, stillbirths or neonatal deaths, The frequency of con- 
genital malformations and premature birth was slightly, but not significantly, 
increased.°S? 

Curiously, the ovarian atrophy and infertility due to senescence is delayed in 
mice temporarily kept on a restricted caloric intake.®** Here, one gains the 
impression that the interruption of sexual life, due to undernourishment, merely 
“saved” fertility for a later time. 


Stimuli Influencing the Response of the Female Sex Organs During the 
G-A-S. — Both in animals and in man, hypophysectomy completely abolished 
the sexual cycles, due to a severe involution of the ovaries, Since systemic 
Stress causes ovarian involution by diminishing the gonadotrophin secretion 
of the hypophysis, its effect is not demonstrable after ablation of the pituitary. 
On the other hand, all these deficiencies can be corrected in hypophysectomized 
animals by adequate gonadotrophin therapy.** 


Contrary to earlier claims,®** transection of the pituitary stalk greatly affects 
ovulation, Pregnancy and lactation in the rat, as well as in various other 
Species." Tt is interesting, however, that ‘th 
the reproductive cycle and the ovary is a 
in the rat. This was interpreted to m 
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oe : variectomized rats indicate that the respon S of the 
Bh aopecgr ian is not significantly influenced by the “a ow ° Hence, 
oe nclude that the sensitivity of the sex organs is not mai kedly depressed 
be a stress and their atrophy is Satan a diminution of 
gonadotrophin (and subsequently ovarian aragr oo ever, ee 
tain observations on ovariectomized ‘si en a re pee | estradiol 
suggest that the uterine response to this omy ie is a e bited fo}, 
lowing injection of corticoids or corticotrophin an me ia e Y t exposure 
to severe stress, such as cold or partial hepatectomy. The possibility has there. 
fore been envisaged that large quantities of corticoids produce: r times i 
intense systemic stress might counteract the peripheral effects o - folliculoids, 
Yet the inhibition of folliculoid activity immediately after partial hepatectomy 
was not completely prevented by adrenalectomy, hence it is probably, at 


least in part, due to loss of liver tissue.°*” 


In ovariectomized rats in which an A-R was produced by subcutaneous 
injection of formaldehyde, the uterus and vagina showed no signs of stimulation 
even when the adrenal-cortical enlargement became very manifest. ‘It is con- 
cluded that the adrenal-cortical hypertrophy, so characteristic of the alarm 
reaction, is not accompanied by increased sex hormone production’ ’.°* 

In partially ovariectomized rats the compensatory hypertrophy of the re- 
maining gonad is prevented by the “spinal shock” which ensues after 
transection of the spinal cord.""” 

It has been claimed that adrenalectomy inhibits the formation of atretic 
follicles in x-ray treated rats, even if the ovary is directly exposed to the rays. 
This observation is so unexpected, however, that it would require confirmation. 

Overdosage with corticoids, particularly with cortisone, causes complete 
ovarian atrophy, with ‘“wheel-cell’’ formation in the rat. This is presumably 
due to an inhibition of hypophyseal gonadotrophin secretion.*** 


Ovarian Diseases of Adaptation 


From the preceding discussion it is evident that the development and func- 
tion of the ovary is inhibited by systemic stress. Certain types of delayed 
puberty, e.g., “cardiac infantilism”, have been related to the G-A-S and may 


be regarded as diseases of adaptation,® in this instance, adaptation to the 
cardiac defect. 


If exposure to stress commences after the onset of puberty, temporary 
roa and diminished fertility can ensue (for literature see preceding 
pages). 


Pregnancy Diseases of Adaptation 


Certain similarities betwe: i 
en the syndrome pr dosage with 
mineralo-corticoids and eclampsia : Hee abe _ 


have raised the suspici hat the latter 
i picion that the 
may also be a disease of adaptation.’ In both instances, there is a rena 
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& hypertension an ( hyalinosis which tend to be aggravated 
— excess of sodiun ntly, rest — and indeed protection against 
me iJdest stresso ht or noise — has empirically been foun 
he m! p ) 


a " yalue in the tre clamptic women. 
to 


he non-specificity 
696 The similarity 
“menstrual toxin 


merular lesions in eclampsia has long been 
organ changes observed in animals treated 


d ° ' 
note characteristic of the A-R has also been 


aa siced. Furthermo ent with corticoid extract is allegedly bene- 
or ic patients sufferin¢ impsia (cf. p. 127). Hence, it was concluded 
fe adrenal cortical ex! tion may play a part in the alarming rapidity 
ey which clinical manifestations may increase in severity in the preeclamptic 
yes nt. Up to a certain point, 0 eractivity of the adrenal cortex may combat 
pom as in the first stages of the ‘alarm reaction’...””.°% 

There are many other observations suggesting some degree of hypocorticoid- 


ism. Thus, it has been found that in cases of fatal eclampsia the adrenals are 
often small.*** Eclampsia may even occur in women suffering from Addison's 
disease. In one such patient who received DCA treatment, the manifestations 
of the toxemia did not disappear after withdrawal of the steroid therapy, yet, 
it was concluded that in such instances DCA is contraindicated.®” 


The urinary elimination of ACTH has so far not shown any great deviations 
from the normal in eclamptic women," but systematic studies with specific 
tests have not yet been performed. 


Excretion of ‘‘formaldehydogenic’’ corticoids in the urine allegedly rises. 
especially in edematous toxemic women. “Although this conclusion cannot be 
considered established until a larger series of patients has been studied, the 
findings may afford a partial explanation for the similarity of pre-eclampsia to 
desoxycorticosterone intoxication’.™! On the other hand, the gluco-corticoid 
elimination (as judged by the glycogen-deposition test) is subnormal in eclamp- 
tics as compared with normal pregnant women,’™ though during the crises it 
may rise to very high levels.7°** 

Pregnancy enhances the susceptibility of the rat to renal damage produced 
by anti-placenta serum. The nephritis so produced is further intensified by 
DCA. Indeed, the pressor and nephrotoxic action of anti-placenta serum is 
augmented by DCA, even in the non-pregnant rat. However, unlike in human 
toxemias of pregnancy, emptying the u the progress 
of these renal and hypertensive lesior this reason, the 
observed increased susceptibility o to the 
action of nephrotoxic 
acceleration of chron 

“ting or following 
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this interpretation has not yet been developed in sufficient det ermit its 
quate evaluation.” ‘ 

ore ne has also been called long ago to = “manta Ik MI between 
the syndrome of eclampsia and that produced .. at iimals by 
vasopressin overdosage.™ In the rat, the pease #8 OE f ak i. 10ne are 
greatly augmented by simultaneous pecvalttention © oi ince the 
latter are produced in large amounts during " palin ‘ is ‘if iin inter. 
preted as suggesting some relation between the on apm of pre incy and 
vasopressin production.” An attempt has been made to conn : the vaso. 
pressin theory of eclampsia with the G-A-S. It has been pointed out that 
during the siege of Budapest (1944-45), when the population thdrew to 
air-raid shelters, the incidence of eclampsia rose from 2.5% to 10.6‘¢. On the 


basis of indirect evidence, this was ascribed to an increased vasopressin for- 
mation resulting from exposure to stress,"°* but further data would be required 
to prove this point. It is interesting, however, that under similar war-time 
conditions in Italy, a “war nephritis’ with hypertension has been described 
in people who were forced to live underground during long periods of time; 
here again, the condition was interpreted as a disease of adaptation.79» 

Other observations pointed to anterior-lobe hormones as possibly important 
factors in the pathogenesis of eclampsia. It was emphasized that in eclamptics, 
the anterior-lobe basophils tend to conglomerate into large clumps, “in the 
light of recent evidence which indicates a distinct relation of the basophils to 
hypertension and to hyperplastic changes in the adrenal cortex, these observa- 
tions may be significant’’.7° 

Allegedly it is possible to reproduce an experimental disorder resembling 
toxemia in pregnant rabbits by giving crude anterior-pituitary extracts, or par- 
tially purified LH, during the later part of gestation. Here fatty degeneration 
and bilateral cortical necrosis were found in the kidney; some necrotic lesions 
were also seen at the cortico-medullary borderline of the adrenals.7 How- 
ever, the blood-pressure dropped and the entire clinical picture was admittedly 
not identical with that of clinical pregnancy toxicosis. 

Various other investigations pointed to a humoral origin of eclampsia.” 
Thus, the great pathogenic réle played by angiospasm has been emphasized 
and the view was expressed that the word “toxin” in respect to toxemia of late 
pregnancy “will probably in time be supplanted by the word hormone”’.”” 
This view received confirmation by clinical tests with TEA, which, “by block- 
et —— aber hha at the ganglia, eliminated neurogenic tone 
pede abe €n humoral tone, the results suggest that the hypertension ss 

mia of pregnancy is supported by an excessive degree of humoral tone”.™ 
wl fnlie Bren ued tha “nephrin” (a pressor subtance of the Hey 
is present in the blood in ih shew oe hydroxytyramine pr yasop eee 

bedi tea he efit Ssive amounts during eclampsia.7!1 ’ 
literature on ihe se Set ne ie re te ies tte ee 
possibie humoral origin of pregnancy toxicoses, especi 
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.< has recently lsewhere.”* Nevertheless, we wish to 
since this that minera oxication probably simulates eclampsia 
point a ‘han any rimental procedure so far employed and 
nore clOS ia ngidera pointing to a diminished gluco-corticoid 
that there a en 1 eclampsia. The therapeutic efficacy of 
roduction Ie ccrtico et been adequately investigated, but it 
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xecause a derangement in 2————__—___ 
i mineralo-corticoid 

ent appears to pat ie pathogenesis of this disorder. Undoubt- 
a Bec enita is th the pathogenic humoral stimulus, since its 
Bgl rom Mie body pidly followed by the disappearance of the 
re 


woul 


toms. It remains to en, however, whether the humoral agents act 
ae as allergens whose toxicity is not adequately neutralized by gluco- 
Beside or whether the placenta actually produces toxic amounts of min- 
cor , 


alo-corticoids. Apparently here, as in so many other allergic or hyperergic 
a ases, the principal cause of the derangement is a disproportion between 
Be Saiutt of toxic allergen produced and the ability of the adrenal to cope 
with these by increased gluco-corticoid production. 


Theories Concerning the Participation of the Endocrine 


Glands in the G-A-S 


The endocrine glands play a very important and rather complex réle in the 
development of the G-A-S and its diseases. In this chapter we shall make 
no effort to quote all pertinent data, since an extensive survey of the relevant 
literature has already been given in the preceding pages. Here we merely plan 


to attempt an integration of the known facts into a dynamic concept of the 
endocrine interrelations during stress, citing but a few sample Deners, At which 
the various theoretical problems have been formulated from different points 
of view. 


Unquestionably, for many students of this field, one of the most confusing 
tenets of the G-A-S theory is that the same systemic reaction to stress should 
@ capable of eliciting so many apparently unrelatec “diseases” under dif- 
ferent conditions. It is difficult to underst hy exposure to stress 
San lead either to hypo- or to hypertens rease in adrenal- 
Pids, to dilatation or constriction of p 
© same reaction to stress 
certain typical manif : 
pena) can be in 
a stan " 
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In discussing the theory of resistance to os id : i p ve placeg 
special emphasis upon the fact that any — oe A y damage 
and systemic defense in addition to its own teh actio ‘ : | | picts 
resulting upon exposure will obviously “aR al ' ig ion of al] 
these actions on each individual target organ. “he picture is fu complic. 
ated by the fact that the systemic defense reactions are transmitted through a 
number of intermediate stations, whose responsiveness is largel ependent 
upon conditioning factors, such as heredity, the availability of metabolites 
necessary for their function and so forth. Only if all these modifying influences 
are kept ‘in mind can the essence of the G-A-S concept really be grasped. 

Let us illustrate this with an example taken from every day life. In the 
electric network of a city, the result of generating current will be light, cold, 


heat, motion, sound, etc., depending upon the condition of the receptor organs 
(the electric light bulbs, refrigerating plants, heaters, radio receivers, gramo- 
phones, bells, etc.) and upon the integrity of the wires which conduct the 
current to them. It is a matter of common observation that, during dark hours 
much of the current will be used to generate light, during the winter season to 
produce heat, during the summer to refrigerate and so forth. Nevertheless no 
one will doubt that the underlying basic mechanism is always the same and that 
all these responses are initiated by switching on the current in the central 
electric plant. 

It is in the same sense that we should like to interpret the G-A-S response 
to stress as being basically the same irrespective of the stressor agent. It makes 
no difference who switches on the current and whether he does it with his hands 
or with some instrument; the result will always be the same. Similarly, it is 
immaterial which stressor is used to set the G-A-S mechanism into motion. The 
result will always be essentially the same, although the manifestations of the 
response will largely depend upon the many modifications in the basic picture 
which can be introduced by such factors as: 1) the specific actions of the 
stressor, 2) the integrity and responsiveness of each intermediate station in the 
transmission of the response to the peripheral target organs, 3) the responsive- 
ness of the target organs themselves, If these conditioning factors are kept in 
mind, it will not be surprizing to note that certain specific properties, of either 
the stressor or the subject, may greatly modify the manifestations of the 
resulting G-A-S and largely determine which, if any “‘disease of adaptation” 
will ensue. 
ae ena ooges we shall attempt to discuss the main theoretical 
responses through the ie sa of the mediation of systemic stress 

octine system. Special attention will be given to 
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Hie f this 
ae Y qualitatively alter the course o 
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Stress, for instance that elicited by trauma to a circumscribed region of 
the body, acts upon the hypothalamic centers partly through afferent nerves 
coming from the injured region (since denervation of the injured region et 
ishes autonomic responses to systemic stress) and partly through humoral sub- 
stances (since such denervation does not com) lish these ae ke 
Fsponses). From the hypothalamus the im ted throug if 
autonomic nerves to various tissues (e. ) but it is 
“pecially important that in such instan 
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almost complete involution and hence it can certainly not | lated by 
humoral means Nevertheless, it is notew orthy that ee Causes 
very pronounced proliferative changes in the posterior-lobe, on which 
of necessity is humorally mediated, at least through part of its Perhaps 
it acts only upon the hypothalamus by virtue of circulating chem bstances: 
from here the impulse may be transmitted by nerves descend ough the 
stalk, but this is unproven. 

Systemic stress exerts particularly important effects upon the erior-lobe 
From the very beginning of our interest in the G-A-S, we paid s attention 
to this link in the production of stress responses since it appears to be the first 
and most important step, in initiating hormonal defense. Yet, hi gain, little 
is krown about the mechanism of mediation. A variety of “toxic metabolites” 
(e.g., acetylcholine, histamine, adenosine, protein degradation products) have 
been considered, but there was no convincing reason to assume that any one of 


these would be solely responsible for initiating the characteristic G-A-S response 
of the anterior-lobe.™* This negative conclusion was accepted by most sub- 
sequent investigators, some of whom suggested that the basic factor “... is the 
inability to resist certain violent changes in the concentration of distribution 
of electrolytes, and we feel that potassium should be included as at least one 
of the ‘toxic metabolites’ postulated by Selye’’.7® 


More recently, the adrenal hormones themselves were considered as possible 
mediators of this first step in the hormonal chain reaction. The view was 
expressed that since adrenaline is liberated in the course of the well known 

emergency discharge of the sympathetic nervous system” this hormone itself 
may have the specific property of inducing the anterior-lobe to discharge its 
ACTH into the blood.”!* “The stimulation of the elements of the autonomic 
nervous system, with concomitant release of epinephrine, that occurs under 
a variety of conditions, appears to be a major factor in the activation of the 
adrenotrophic secretion from the anterior-lobe’.“!7 There is no doubt that 
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peripher’ aes the A-R as mainly based upon the observation 
ACTH ou tment with co ls to inhibit the adreno-cortical response 
that er nék of cortico nly conducive to increased ACTH pro- 
to stress indeed, such fac! ance, after unilateral adrenalectomy) is 
duction: of the compen ertrophy which occurs in the remaining 
the cause Conversely nous administration of excess corticoids 


adrenal tissue. 


“eompensatory corti trophy” through this same auto-regulatory 


ses F 
ciky between the adrenal cortex and the anterior-lobe. Gluco-corticoids 
— much more effective in this respect than mineralo-corticoids, but both kinds 
a hormones produce some aar no-cortical involution.7? It is highly probable. 


however, that this kind of auto-regulation is effective only in the near physiol- 
ogic range of blood-corticoid levels. Under conditions of extreme stress, the 
adrenal cortex does show signs of increased activity, even in animals simul- 
taneously receiving extraordinarily large amounts of DCA.”3 It is conceivable 
that if still larger amounts of the particularly active gluco-corticoids were used, 
the inhibition could be complete under any condition of stress, but this has 
not yet been demonstrated. In any event, we have no objective proof that 
corticoids are “consumed” more rapidly during stress than at rest; 7 indeed, a 
perfect auto-regulatory mechanism of this sort would be incompatible with the 
increased presence of corticoids in the blood and urine of individuals exposed 
to stress. If any excess in the amount of circulating corticoids would auto- 
matically diminish ACTH production, a rise in corticoid levels during the 
G-A-S would become impossible. 


This intensive search for a mediator — which would be produced by injured 
cells and after having reached the pituitary would induce it to produce ACTH 
~ may be doomed to failure because perhaps no single substance is responsible 
for this effect. It is generally agreed that a great variety of stressors eventually 
act through a common pathway, namely, the anterior-lobe. At present we have 
no reason to believe that the pathway is comm a er level. It is quite 
Shea that any derangement in the bio ic 
i substances, hormones, deficiency of ¢ 
tera. a well as nervous stimu hing 
abe bers, may liberate 

Mulate its increased p 
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‘ « we have seen, upo oa 
Response of the Anterior-lobe. ae As ad a 4 ACTH POSsuUre to 
stress, the anterior-lobe responds with an increased / pI Hoag 
The chemical steps through which this hormone is made t known, 


prepared from precursors which are 


is some evidence that it is rs 
anche tions, such as LAP. Thi 


— anterior-pituitary prepara standard 
ge poets more or in causing adreno-cortical enlargement in intact 
than in hypophysectomized animals.**° Perhaps precursors present in the 
anterior-lobe tissue can not be transformed into active ACTH outside the 
pituitary, hence only the preformed ACTH of the LAP remains effective after 
ablation of the hypophysis. . - 

Many observations show that various anterior-pituitary e tracts differ 
qualitatively in the kind of corticotrophic action which they exert.™** Similarly, 


in clinical medicine, hyperactivity of the adrenal cortex may be accompanied 
by qualitatively different structural alterations in the suprarenals and distinct 
functional derangements in the peripheral organs. This raised the question 
whether in addition to the corticotrophin, now available in pure form, there 
would exist several corticotrophins which may exert predominantly gluco- 
corticotrophic, mineralo-corticotrophic or testo-corticotrophic effects.7** It has 
been pointed out, for instance, that in gonadectomized (male or female) rats, 
an A-R causes no stimulation of the accessory sex organs, although there is 
conclusive evidence to show that the production of life-maintaining corticoids 
(presumably gluco- and mineralo-corticoids) is greatly increased.7** Since 
the adrenal cortex can produce testoids and folliculoids, it follows that under 
conditions of stress, it does not produce all its hormones in set proportions. 
This view received further support from clinical observations showing that 
the 17-KS excretion does not parallel the corticoid excretion during the A-R. 
However, some investigators brought forth evidence against the assumption 
of several corticotrophins,”® and it was emphasized that a chemically pure 
ACTH preparation can cause sodium and water retention (mineralo-corticoid 
effects), hyperglycemia and glycosuria (gluco-corticoid effects), as well as 
an increased 17-KS excretion (testo-corticotrophic effect). Hence, it was felt 
that there is no need to assume the existence of qualitatively different cortico- 
trophic principles.™’ On the other hand, it has definitely been proven now 
for most of the available pure gluco-corticoids that they also possess some 
mineralo-corticoid properties and that in the course of their intermediate 
metabolism they may be degraded into 17-KS compounds. In the light of these 
observations, the above data remain compatible with the assumption that the 
ACTH preparation merely stimulated the adrenal to produce an excess © 
gluco-corticoids and that the other eftects were merely a secondary conse 

quence of this. : 
PE heater Leos si ed tr aap several corticotrophins will have to await 
indubitably nia ee orm,” but it should be stated now that there aré 
qualitatively different corticotrophic effects. This may be 


due to the production of different corti i ones f 
to the rticotroph : 
conditioning of the actions of a single oii eee ten 
level (see below), ee ete : 
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eously with the charge of ACTH during stress, there 

: terior-lobe hormone p! oduction”. This results in a diminished 

3:8 hin and gonadotrop! juction. The inhibition of somatotrophin 
totroP a | 

soma ifests itself | 


ae of somatic growth in the young and 
secretion a catabolis: jult. The diminution in the elaboration 
jncrea ed P hins results i1 :nd ovarian atrophy (due to lack of FSH, 
of gonadotroP 7m) Ther sation of milk secretion if the stress is 
LH and pee oa lactation (di nished prolactin production ).7* 

applied during , nervosa may lead to such a “shift” in 


The clinical condition of an 


hich most anterior-lobe functions become subnormal, although corticotrophic 


¥ lation may continue.*** Only very few agents cause an inhibition of all 

i i : ; saat 

coun lobe functions (e.g., chronic partial starvation on low protein diets, 
I~ = Ff 

Foe Gverdosage). These exceptions are due to the specific effects of 

cortiso be 


sors which tend to inhibit ACTH production through special mechanisms; 
a are not merely reactions to stress as such. 
rt the above-mentioned anterior-lobe responses are highly subject to 
conditioning influences. Thus, lack of amino-acids inhibits ACTH formation; 
administration of LAP increases the ability of the pituitary to produce gortiea- 
trophin in response to stress, presumably by furnishing precursors, ete." 

Although the administration of protein (or amino-acids) greatly increases 
ACTH production following exposure to stress or after administration of 
LAP in the intact rat, it does not significantly affect the actions of pure ACTH, 
nor does it influence the corticotrophic effect of LAP in the hypophysectomized 
animal. “It appears that the ability of high-protein diets to increase the cortico- 
trophic effect (of stress or LAP) is dependent upon the integrity of the hypo- 
physis’’.78° 


Response of the Posterior-lobe. — As previously stated, the posterior 
hypophysis discharges vasopressin during certain stages of the G-A-S. This 
is principally, if not entirely, dependent upon the integrity of secretory fibers 
descending through the stalk. Up to the present little is known about agents 
which may condition the discharge of vasopressin, but the sodium and water 
intake probably play an important part in this reaction, since they regulate 
Vasopressin production even in the absence of stressor agents. 

Response of the Adrenal Medulla During the G- D 
the adrenal medulla appears to discharge its 

Not entirely, as a result of splanchnic stimu 
. circulating acetylcholine, and pe th ; net 

y likewise induce a hormone d 
“A’-S, but pertinent data 


fee f° believe that tr 


ing the G-A-S 
nones mainly, 
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are not always discharged in set proportions, ab i n as yet 
about the factors which condition the quality me is ay » adrenal ° 
ievel. In any case, the effect of such adrenergic principles may tainly ine é 
sodified in the periphery: by certain adrenergic blocking ag hich can £ | 
selectively interfere with individual actions upon the recepto! ind thus ° sg 4 
lead to qualitauvely different responses. 3 = E } 
During the last fifteen years or so, interest has focused so upon the = 2 S 
defensive role of the corticoids that the part played by the medi has bees 3 5 
somewhat neglected. Data concerning the probable utility of ¢! drenergic Md 3 
discharge, in the frame of a systemic defense reaction, have been discussed 2 
elsewhere (cf. Resistance — Adrenaline, p. 64). Let us merely recall here . 
that more than thirty years ago, it had already been recognized that adrenaline 
discharged from the medulla under the influence of various infections and 
intoxications may help to prevent the usual “collapse of the cardiovascular 
system", which tends to occur under the influence of extreme stress." In the 
course of the following two decades, this concept has been most fruitfully 
developed and extended by Cannon’s investigations upon the “emergency ag ADRENAL 
discharge” of adrenaline.*** Ree = of OT conptionnc | 
CONDITIONING 


acteristic of corticoids (e.g., hyperglycemia. hypertension, polyuria). Since 
the former produce these effects much more rapidly, while the latter have a 
more sustained effect, it is probable that the adrenergic discharge is meant to 
cope particularly with very acute needs, while the corticoids help resistance 
in the event of more prolonged exposure. 


} 

4 : 

It is striking that so many actions of adrenergic substances are also char- 
; 


Response of the Adrenal Cortex. — The efficacy of corticoids in raising 
systemic resistance to stress as such, may now be considered as definitely 
established.™** The close resemblance between the manifestations of adreno- 
cortical deficiency and those of an intense A-R have been particularly empha- 
sized. It was found that adrenalectomy exaggerates manifestations of pure 
damage during the A-R, while it prevents many hormonal responses charactet- 
istic of defense.™® It has even been shown that there exists a direct dose: 
effect relationship between the amount of corticoids administered to an adrenal- 
ectomized animal and the degree of resistance thus imparted.’*° 

In the preceding pages we listed many observations showing that the 
response of the adrenal cortex to stress is highly subject to conditioning factors 
which appear to act at the level of the cortical cell itself. Thus, exogenous 
administration of ACTH, or its endogenous formation under the influence © 
stress, can exert qualitatively very different effects upon the structure an 
function of the adrenal cortex (e.g., discharge or storage of lipid granules: 
— metaplasia, myeloid transformation, colloid storage in the cortical paren 
. nt a attention was given to the fact that continuous treatmen 
M AgeNeer : causes only a slight and very transitory discharge of a 
iba y marked lipid storage, while in A-R the 
lipids is much more pronounced and pral ged, 
produce a persistent degranuiation of hea 
show that the corticotrophic effect of foll 
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bee . » the leenalectomized an : 7.A-5 is fars® 
wate < att even im the re , : \ 
wticords Upon the kidney and the car liovasculat ‘ Seumery of Ob cerning the Participation of the 
sodium and pre-existent rene? damage; “" the cial t glu J End During the G-A-S 
corticoids is enhanced by partial pancreatectomy OF Diy! set : tiates t lofer 
There is no doubt that the adrenal cortex can pr d mber af iris still not known tre nitiate : lef m P 
. : . . » io end sre characteristic of the G-A-. 
hormones which exert qualitatively aBerest actions. t pro responses of the . oe ) So scat caladen ‘eae de 
duces a number of different gluco-corticoids (¢-g.. SOF on it may be taken as es! , el : : 
hi setat < : nating in the directly Gan ; 
pound F dehydrocorticosterone corticosterone) is tor tablished od blood-borne metat jinating e Gire y amage 
to deserve a detailed discussion here. Less is known ab mineralo area) can affect the hypotha ¢ vegetative centers and induce an autonon 
~ " nl ice » hes dren medulla 
corticoids normally produced by the adrenal. Several steroid mineralo- nerve discharge. which, t slanchnics, reaches the adrenal medull 
corticoid actions, for instance desoxycorticosterone, acetoxy-preg! nolone,** (cf. below )- 
desoxocortisone.” but among these, only the last mentioned has been definitely These same stimuli can al nfluence the posterior-lobe presumably throu 7 
proven to represent a physiologic component of the cortex. Nothing is known the nerve fibers which descend from the hypothalamus through the stalk 
as yet shout the possible conditioning factors which might influence the Under their influence the posterior lobe cells secrete the antidiuretic and vaso 
selective discharge of one or the other of these corticoids cor principle, vasopressin 
Response of Other Endocrine Glands. — Our knowledge concerning the Neither the autonomic nerves nor the stalk of the pituitary are necessary 
participation of other endocrine glands in the G-A-S is very incomplete for the effect of most stressors upon the anterior-pituitary. It is possible that 
We have already mentioned that the gonads tend to undergo atrophy upon impulses descending through the stalk can induce the hypophysis to respond 


ot oy stress as part of the “shift in pituitary hormone production”. It is in a manner characteristic of the G-A-S. Yet. this response is not necessarily 
—- to ae ow that a diminution or cessation of sexual functions is 4 | prevented by transection of the connections between the pituitary and hypo- 
use respons , sinc ron- c Ss ‘ 

ul response during systemic stress, since it helps the organism to col | thalamus, hence we must assume that humoral principles (toxic substances 


centrate all its efforts upon activities immediately concerned with the main- hormones. deficiencies in vitally important metabolites, relative lack of cor- 
> . é - . 

tenance of life The derangements of the sexual cycle, which tend to develop ticoids) are more important under usu al conditions 

during the G-A-S, are not due to any hormone insensitivity of the gonads of po oF 


accessory sex organs, but merely to a diminution sex- one production Certain recent experiments suggest that the nerve centers In the posterior- 
The atrophic ovaries of animals exposed to =cdagdhon as te pak wer by hypothalamus may cause a discharge of ACTH from the anterior-lobe, through 
gonadotrophins. the diestrus vagina by folliculoids, etc."*? blood-borne metabolites which it receives through the hypophyseal portal 

The effect of the G-A-S upon the hormone production of the pancreas has Vessels. The latter regenerate rapidly after stalk-teansection (unless an 
also received considerable attention in the preceding discussion. Since insulin impermeable membrane is placed between hypot mus and pituitary), 


plays a fundamental réle in the regulation of intermediate metabolism the tithough the nervous connections are not f 

pancreatic changes are presumably not without physiologic significance Few by appears to be i f 

investigators have so far given their attention specifically to this problem ” peop neurogenic stin 
The production of thyroid hormone is likewise affected by exposure f ta ans Dabs ee 

9 c be m appease & depend largely upon conditioning factors whether — 

t -A-S will cause an increase or a decrease in its elaboration. Thyroid Whatever the 

changes could not fail to affect resistance since the thyroid hormone th an 


the level of the B.M.R. and hence aff many most fundamental 
abolic responses to stress. — af Se a 
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The response of the anterior-lobe to stress is largely de on com 


ditioning factors. for instance, the availability of amino-acid shoal 
ACTH production. 

The adrenal medulla is stimulated by the splanchnics to | irenergic 
hormones, such as adrenaline and nor-adrenaline. g! 

Nothing is known as yet about possible conditioning rich: nae 
determine which adrenergic substance is predominantly prox 

The adrenal cortex is stimulated by ACTH and there is so nce sug. 
gesting the existence of several qualitatively distinct corti: 1. ee 
equally possible, however. that a single ACTH may cause quali y diffemed 
responses in the adreno-cortical cells, depending upon conditioning factors 
Thus, folliculoids, testoids, foreign proteins and corticoids may qualitatively 
alter the response of the adrenal cortex to a given corticotrophic reparation. 
Only the existence of several corticotrophins, or the production of distinct 
corticotrophic actions due to conditioning of the adrenal response to the same 
ACTH, could explain the variety of corticotrophic effects seen in organisms 


exposed to stress (predominance of mineralo-, gluco- or testo-corticoid actions). 

Peripheral, post-adrenal conditioning to corticoids is also important during 
the G-A-S. Thus, an excess of sodium, pre-existent renal damage and blood- 
borne principles produced during the A-R greatly influence the response of 
peripheral target organs to the corticoids liberated during the G-A-S. 

Among the other endocrine glands which undergo important changes upon 
exposure to systemic stress are the gonads, which (as we have stated above) 
undergo atrophy, as well as the thyroid, pancreas and the parathyroids. The 
responses of these latter glands, however, are very irregular because they 
depend so largely upon conditioning factors. Hence, and because these glands 
have not yet been systematically studied in connection with stress reactions, 
we know comparatively little about their réle in the genesis of the G-A-S and 
its diseases. 


Since the response of the endocrine system to stress is so largely dependent 
upon the reactivity of each individual gland, the hormonal reactions caused by 
stress are subject to great individual variations, although the basic pattern is 
always the same. The effect of conditioning factors (e.g., heredity, diet 
en : individual organs, previous exposure to stress) is mainly 
a pe at act (ores such a large variety of apparently 
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Bones 


fF omatic growth in young individuals and 


systemic stress. — 

toss of weight (increas decreased anabolism of tissues) at all 

joss © : - ; 

ages. are characteristic its of the response to severe non-specific 
It has lo nown that any kind of illness can delay the 


gystemic stress. 


rowth of children and < \steoporosis in adults. Yet these phenomena 
te only recently been 11 veted as due to the “shift in hypophyseal hor- 
mone production” typical of the G-A-S, and in particular to the decrease in 
<omatotrophin secretion which occurs at times when ACTH production is 
maximal. 


Any protein deficiency may interfere with the formation of the organic bone 
matrix, the framework in which the mineral constituents of the skeleton are 
deposited. Catabolism of osteoid, or disturbances in its formation actually 
have been considered to be the principal cause of the “osteoporosis of the 
alarm-reaction” which occurs following trauma and other types of systemic 
stress in man.” 

During the A-R the production of gluco-corticoids is greatly increased; these 
cause protein catabolism. Simultaneously there is a decreased elaboration of 
the testoids and somatotrophin, which have a protein-anabolic effect. Hence 
it has been postulated that this change in the hormonal equilibrium may be the 
major cause of bone dissolution during the G-A-S.3 The osteoporosis of 
Cushing's syndrome, which also appears to find its explanation in a considerably 
increased gluco-corticoid production, has therefore often been compared to the 
osteoporosis of the G-A-S.* 

Contrary to earlier views it is unlikely that immobilization (e-.g-. by disease) 
in itself could explain the severe osteoporosis of the G-A-S. Yet the above- 
mentioned hormonal factors are likewise not all important since during stress, 
catabolism proceeds even in the absenc the hypophy , adrenals 

gonads. It is unlikely therefore that should be entirely 
$0 dent upon the hormones of these | aad 
many other instances — the ho 1 preéxistent 
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The various disturbances of growth and skeletal stru ch: daa it is perhaps s a , Teds ne een of 
h at : : ay a aging < mes s freezing cause ca a 
‘lop in the course of many chronic spontaneous diseases © ve als on-specifc damé - : aie’. . ig causes local oste 
ed wa: ‘ ~ . 7 C n * { CCE ipa ec ae: , ti oT '. 

sscribed to the development of a G-A-5.' Here it wot cme oporotic atro hy © ea ; i. ied by endarteritis obliterans 
scribed 5 rs Wi as : correc ry ‘tion of th of the nerves i ame ion.)? 
to speak of an ‘osteoporosis of the A-R”, since the exposur¢ is pro ail ecomposition ‘ csinminth ts r the same region. 
- ; — : a erel r example o e - a ae 
longed. Such derangements may better be designated as sis (or This is mentioned MET ae * e often noted similarity 
ee) tie GAS.” The <o-called cardiac dwarfism is . pelea wetwee! the systemic mat general stress and the results of local 
. = Sas dient i late cific damag¢e- 
Various nutritional deficiencies cause similar skeletal c! ia Ree on-spe j ; 
‘ é , ng the e of the Skeleton Durin -A-S. — 
Drastic food restriction, begun in very young rats after weaning ontinued St uli Influencing "™* - a ing - nt S. 
; : . auses | sf gr in yo als ¢ 20- 
throughout life, decreases the rate of proliferation and causes reg! - changes Hypophysecton! os e : Y a ung mt s and osteo 
" ‘ ; : Sag conve! omatotrophin ; 
in the epiphyseal and articular cartilages. but it prolongs the gro period? porosis in adults. \onv" P e growth hormone of the 
: ; hich : lestcall iets’ | nterior-lobe) restores the tal structure of hypophysectomized animals 
; ea- s, W ™ ve a calorica u I ince i + ST 7 ‘ 
in ae _ pigs. W a ee 0 oe ali eames es need diet, cactically to normal. It erally assumed, therefore, that non-specific 
> a Z Ss: 5 “ee 1 - ; . 1 —_ = 
, bee wes : sae ae a pe ie ‘ts oot i sed proceed at a greatly vena: acts largely through th inhibition of somatotrophin secretion. Yet, 
iminished rate. efeeding, however, the grow sesse > i ais ng : A : . 
diminished rat pon. rete ng g ee es are readily orticotrophin and the gluco-corticoids, simultaneously with their protein- 
-esumed and temporarily they may even surpass normal. c ics Z th inhibiti ¥ 
: catabolic effects, also tend to cause growth inhibition and osteoporosis. Hence, 
In times of war and famine, marked osteoporosis 1s frequently seen. The presumably increased ACT H and gluco-corticoid production likewise particip- 
- vari 2 send ‘ te i A . . " . 4 
condition has variously been described as “hunger osteopathy”, “hunger ates in the osteoporosis of the alarm-reaction , as outlined above.” 
or se “ neers of famine”. It is usually associated with various Among other hormones exerting important effects upon bone structure 
other stati -A- : im : ear ‘ . . 
o aoe cee a ety = S and undoubtedly corresponds to the above parathyroid hormone should also be mentioned. If it is given im high doses, 
mentione S i - ion’, whi 1 ‘ ee,” : fi : pa 
mall Coad ae mere wy ae reaction”, which we would prefer to it rapidly causes osteitis fibrosa and osteoclastic bone absorption, while pro- 
2 steoporosis 0 -A-S". i i i 
P S Jonged treatment with low doses produces increased density of the bones and 
9 ) 


the development of a condition resembling “marble bone disease”. Various 

derangements associated with hyperphosphatemia (e.g., renal lesions) stimulate 

the production of parathyroid hormone and the blood-phosphates are often 
increased during the G-A-S: hence, we must consider the possible participation 
of the parathyroids in the genesis of skeletal lesions during systemic stress.’ 
Unfortunately, this possibility has not yet been investigated. 

Folliculoids cause cessation of somatic growth in young individuals. Since 
this is accompanied by increased bone density, it hardly plays any important 
réle in the skeletal changes characteristic of the G-A-S.¥ Nevertheless, it is 

of therapeutic interest that in Cushing's syndrome, folliculoids probably do 
| have a beneficial effect upon the negative calcium balance.* It is also note- 
ov eee various steroids, especially testoids, tend to counteract the growth 
Small ores S by folliculoids.'* 
freak, es ia A estoids augmens somatic 
ee, . ially among females.'* This 
fetinent pee in man and hence 
apparently en Soe ae due ire 
couraging.1® 
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sharacterized by retarded somatic and sexual aaa pres bly also 
Clic « ‘ a > t y, r PF te 
belong to this group as does the hunger osteopathy, © Opathy, 
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seen at times of war or starvation. 
the extraordinary importance of condition Gis 


Here again, : : : must 
always be kept in mind. Obviously protein, calcium, phos] itamin-D 
and many other substances are necessary for the normal pment of 
bone tissue, furthermore, hereditary factors, the amount of ‘ taken, as 
well as innumerable other circumstances can influence skelet elopment, 
Consequently, in the pathogenesis of various osteopathies, le played 
by maladaptation to stress as such varies considerably depe: upon the 
intensity of the stress on the one hand, and the réle played b: ific condi- 


tioning factors on the other. In this sense, one may say | here is a 
gradual transition between the typical skeletal diseases of adaptation and 
osteopathies in which maladaptation to stress plays a negligibly small réle. 
The subject has been discussed in great detail in relation to the syndrome 
of “renal rickets’. This has been interpreted as a disease of adaptation due 
to a derailment of the G-A-S, because a primary renal lesion causes hyper- 
parathyroidism as a compensatory adaptive mechanism against the flooding 
of the blood with phosphates and an increased secretion of parathyroid hor- 
mone which in turn produces osteoporosis and bone fragility."” This undoubt- 
edly means that we are dealing with a disease of adaptation, in the general 
sense of this term. Adaptation is involved in its pathogenesis, however, it is 
important to remember that renal rickets is not a maladaptation to stress as 
such, but rather a maladaptation specifically to a renal lesion. In this sense. 
it is comparable with other specific diseases of adaptation (e.g. allergies). 
While any such specific derangement would also cause stress and hence a 
G-A-S, it is well to keep in mind that these diseases are not primarily due toa 
derangement of the G-A-S. We feel that the concept of the diseases of adap- 
tation would be weakened by the inclusion in this group of conditions in which 


maladaptation to specific derangements (not to systemic stress as such) is the 
major etiologic component. 


Joints 


Systemic stress. — Exposure to systemic stress does not in itself tend to 
cause joint diseases in normal animals or man. Perhaps the most characteristic 
direct effect of exposure to stress upon the joint structures is a sudden discharge 
of fat from the adipose tissue of the synovial villi, accompanied by edema, 
hyperemia and sometimes by multiple petechial hemorrhages.”' Such lesions 
occurred quite consistently in our experiments, especially during the A-R and 
exhouation ogee in a large variety of animals exposed to many kinds of 
—— ‘0 7 eres possible that these changes would predispose the joint 
ete see's soainatihy ih of true arthritis. They may also be responsible 
syndromes of somes = ness of the joints which accompanies many clin’ 
and infections re instan wae caused by exposure to cold, drugs, allergens: 

eaten Ah wey mh the prodromal period of infectious diseases- 

cts of cold, but this is 1 
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to elimina “egicine his same criticism, especially since 
of clinical tudies CO! fect of freezing have revealed that 
syste : postire te inflammatory changes tend to develop 
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ticularly 1 ene } 


m arthritides occasionally develop in 
as in the cardiovascular system.”* 
may result in joint lesions. ‘Perhaps it 


tivity to barbitur rerhaps 
Sensitivity rheumatism in the picture of the G-A-S”.7” 


will be possible to includ¢ 
As we shall see later \« 
play 4 particularly import 


Jiseases of Adaptation), conditioning factors 
‘n determining whether arthritis will develop 

posure to non-spe ss and if so, what type of joint lesion will be 
oe. aH d. Nevertheless, ll these cases, the non-specific stress factor 
SF iealy plays a prominent part. A large variety of infections, intoxications 
wd allergies can cause joint pains with more or less pronounced inflammatory 
lesions, and many kinds of injuries (emotional, traumatic, etc.) can precipitate 
an acute episode of arthritis in patients suffering from gout or rheumatism. 


Effect of A-R upon “topical All other 
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in the control 
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a rat. Control 
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he metatars4 
lye B1204/46.) 


Pampa paola wa of arthritis, in the rat. — A. Normal metatarsal joint of 
pa y af rap igures. — B, Acute arthritis produced by DCA. Edematous synovia 
and exudate in metatarsal joint cavity. — C. Arthritis in left hind paw of a rat ¢ 


treated with anterior-p rye 
eT erat op peer ny — D. Newly formed periarticular bone in t 
F vith alkline anterior-pituitary extract (After Se 


Effect of various corticoi “opi 
corticoids upon “topical irritation arthritis’, in the rat. All animals have 
by endogenovs 


been adrenalectomized before 
corticoids, except E Bens * - hepa in order to eliminate complications 
with cortisene (A) soareatvedaan Jor CB) control. The following day treatment on 
egnenolone (B) and DCA (C be ; jons 
sub neous inject 
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ay in microcrystalline 7 [ =; e 
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adrenalectomy and initiatio: 

nee a iation of the hormone trea ; inj 

cen sagt : peoeies of U.S.P cata a eons ea oo ual 

Dc mpgeevated i the inflammatory swelling ri os sand < 

” - ave 4" 1 by a 

achesuilestecsiced Gaal mong the animals not receivini bo fais — D. the 

Sete as he ps sponded more violently th Pig er hen be! 
atter the stress of the (ntervential eter hes be ee oan pres' 

some gluco-cortic ; 
(After Coutu and Selye 


JOINTS 
390 


M i -sion elicited in re 
; “1 evpe” of joint lesi 
a * umatoid type 
This is a “rhe 


i joint region 
‘rritant, ¢-9 formaldehyde, into the j . es mi 
es deer * the “formalin arthritis” is already ful 
= These observations were corre 
“non- ific therapy”, tr 

flectiveness of stressors (e.g. “non ia = ag j 
bi regnancy, icterus) and the benelic Saige oh 
is a of ACTH with a resulting increase ' gluce cs 
si ~ oe td | 
= ' hibition by certain stressors (e.g., sage tra-vio 

ee ; i é some 

imental polyarthritis produced, in the rat, by 


stress occurs w 2 
lesions rapidly retrogress. 


organisms,” 


in * 25¢ ypon this same polyarthritis 
aureomycin **” or BAL,** up 


25 may also depend upon this mechanism, wh 


IM)€ction of 
©Xposure re 
ped, the joint 
h the clinica} 
injuries, Star. 
d toa sudden 
production2s 
of the exper. 
neumoOnia-like 
> influence af 


mably depends 


develoP i DCA ove: 


5 0 
in unilaterally 


391 


the DCA administration was continuous. 
irity between these joint lesions and those 

> considered the possibility that mineralo- 
»genesis of the latter in man. This view 
»m the observation that ‘ Aschoff-nodule- 
lar lesions resembling rheumatic arteritis, 
d animals.*° Unlike many other mani- 
tis is not definitely more pronounced or 
>d than in intacts rats.*! 


less constant than the other lesions (e.g., 
caused by excess DCA.** This does not 


eee Bite ness '< sDoveienention ine In sue heen 

: ci S. c constant and often absent w 

ecific pharmacologic € nec. int involvement 

pi Ag ‘ole that after chronic exposure to the same st or, conditioning fever, joint a progessi fact that several reliable investigators noted 
rts ae r the response to this particular stimulus that LAP-type” of Jesions are s atic” joint ch in Addisonian patients treated with high doses 

a andere ensues; this predisposes to arthritis. I! the organism as most suggesti' his connection. 

cortical s aad : dition; sugs ; ee a 

is exposed to a new alarming agent, to which eee Se te ea ee. ss cow of the inconstancy 0! this particular change, it is not surprizing, how- 

vet been acquired, a simple ACTH-discharge results; this tends to cure arthritis. ms on ns occasional small experimental series, arthritis may be absent in rats 

. i i 5 ever, that & : . f this i sist in the production of arthritis 

; : i of the Joints During the G-A-S. — The ; ie 34 The cause of this inconsis ancy i p 
Bash ei ie a of oe ales in man will be discussed below gm 9 
effect o 


by DCA has not yet been elucidated, but presumably it depends upon the 


oe orate nt Reise eae ae ction ere ed . presence of conditioning factors such as some local irritant. 


LAP (which elicits mainly mineralo-corticoid effects) sometimes causes a 


i ineré -orticoids joi i ent upon 
" of arthritis in rats,2° but this effect is rather inconstant ; That the action of mineralo-corticoids upon joints is largely depend Pp 
“theumatoid type’ of arthritis in rats,” s ; 


Jocal irritation has also been confirmed by experiments in rabbits. pen — 
staphylococcus filtrate, or hot Ringer solution, was pie te a we ee 
The absorption of hemoglobin from normal joints was not in res y “ ~ 
but pretreatment with this hormone increased the absorption-rate rom mar : y 
injured synovial membranes. Curiously the steroid exerted an inverse eltec 
if the joints were only mildly irritated.*® 


Although mere treatment with LAP in itself rarely produces arthritis, it | 
rather consistently aggravates the inflammatory response of joints to local 
irritation, for instance that caused by formalin. Histologically, this “formalin 
arthritis” resembles an acute rheumatic lesion during the first few days. but later 

: it tends to assume the morphologic characteristics of rheumatoid arthritis. It is 
especially this latter type of response, which is accompanied by intense fibro- 
plasia and granuloma formation, that is aggravated by LAP in the rat.” 
Conversely, pure ACTH preparations interfere with the production of 
“formalin-arthritis” and tend to accelerate its disappearance if the hormone 
treatment is initiated when the joint lesion has already developed.”* : 
a A similar “topical irritation arthritis’ can be produced in the rat eee 
injection of a 10% suspension of mustard powder into the joint region 
ACTH exerts even more obvious therapeutic and prophylactic effects.” : 
In experiments on the rabbit it was found that pure ACTH diminishes a € 
permeability of the synovial membranes to phenolsulphonphthalein  --- 0.5 mg: 


: ility © 
of ACTH per kilogram were almost as effective in decreasing permeability 
synovial membranes as the alarm-reaction’’.”” 


In our experiments concerning the effects of DCA overdosage in the rats 
we often observed the occurrence of an acute mono- or polyarthritis. ye 
resembled that seen in rheumatic fever. It usually developed in the metata 
or metacarpal joints, sometime during the 2nd or 3rd week of treatment. 


arthritides tended to heal in some joints, reappearing in others and eventit 


pa ed, 


In another pertinent series of experiments on rabbits, the permeability of the 
synovial membranes was measured by the speed of absorption and exexttion 
into the urine of phenolsulphonphthalein. Here the speed of eee was 
markedly increased by DCA. Presumably the hormone enhanced the per- 
meability of the synovial membrane.*® 


Apparently, in the production of arthritis — as in the pathogenesis of 2 
many other diseases of adaptation — the ratio between "caper 4 
and gluco-corticoids plays a most important réle. In otherwise untreate 

alectomized rats, arthritis has developed quite frequently, at Pag Neca 

boratory ** and was ascribed to hypoct coidi It is known that , 
Patients often suffer from stiffne ae al 
they tend to describe as 
arthritis.’ We have no 
We noted scanne 
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arthritis much more 


. > ed 1an intac: 
ae eed animals developec eae cas y ac 
adrenalectomized ; ~eyme that some adrenal prin ite eae 
controls. This led us to assume § DCA.” nta 
gonizes the arthritis-producing effect 0 oy Docent ( 

~The sensitization to DCA by adrenalectomy in the Fa © re Obvious 


are systematically subjected to histologic investi It appears 


joints : ee 1s 
if the j ch as inflammatory infiltration i Synovial 


that microscopic sighs ~~ su 


membranes and the periarticular connective tissue ee Tite ly pling 
in adrenalectomized. but not in intact, DCA-treate — increased 
DCA sensitivity was again ascribed to the absence of ae renal ortigghdee 

In agreement with expectations, pure gluco-corticoids such as cortisone 
very effectively inhibit the experimental formalin arthritis “mustard 
arthritis” *™* both in the intact and in the adrenalectomized rat. The latter js 
preferable for the bioassay of anti-arthritic activity, because ablation of tes 
suprarenals removes the source of endogenous corticoids, which otherwise 


complicate the response of the joint to injury. 

Of course in the development of the “rheumatoid type” of arthritis, we must 
consider not only the accumulation of synovial fluid, but also the formation of 
edema and granuloma tissue in the synovial villi and in the periarticular tissues. 
In experiments in which the effect of DCA and cortisone — singly or in com- 
bination — was examined in rats with “formalin arthritis’, it was found that 
cortisone not only inhibits the development of this type of lesion in otherwise 
untreated animals, but even overcomes the aggravation normally induced by 
DCA. This showed that a high gluco-corticoid: mineralo-corticoid quotient also 
favors the absorption of edema and granulation tissue from the periarticular 
structures.? As we shall see later, this antiphlogistic effect of cortisone is quite 
obvious even in structures unrelated to joints (e.g., blood vessels). 

On the basis of preliminary experiments, it has been claimed that combined 
treatment with DCA and ascorbic acid counteracts the development of the 
“formalin arthritis”,2* but with the experimental technique used in our 
Institute, we failed to confirm this.*° 


Cortisone also diminishes the permeability of the synovial membranes as 
judged by the phenolsulphonphthalein test. From this it was concluded ‘that 
the normal permeability of the synovial membranes is in part controlled by the 
balance between adrenal steroids of the DOCA (DCA) type and of the com- 
pond-E (cortisone) type”."* However, this test lacks specificity. Some steroids 
bearing no oxygen at Cy;, and having little if any effect upon rheumatoid 
arthritis in man — e.g., 21-acetoxypregnenolone — act like cortisone in this 
bioassay procedure. Yet, acetoxypregnenolone does not inhibit the “topica 
irritation arthritis” of the rat *° and causes no cortisone-like improvement in 
patients with rheumatoid arthritis (cf. below). 


We shall make no attempt to survey the extensive literature on the effects 
upon apg poRSa of other hormones, since this has been done repeatedly 
elsewhere.** Let us point out, however, that estrone tends to decreas? the 
 Selye et al. A72284/44, Hall B4783/ 
” Pirozynski and Akert B38484/49, bn 
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rabbits as judged by the phenol- 


eabiity pon ct if Somed . 

per on pthalein ne it is al omewhat resembles cortisone 
sur intact rat, largé C also ber to inhibit (slightly) the 
: mn ent of fue top! Ha ritis, but this is presumably due to 
ev 


ous gluco-cot fico 


enor compounds 1 occasionally to produce arthritis, or 
‘ ast some joint SW“ pein 
hs ig also of interest th Eness which can be induced in guinea- 
a feeding them on u alleviated by some compound present 
pigs Ye ath molasses stiffness factor” is a steroid having the 
probable formula CosHiw© 
Joint Diseases of Adaptation 


{iscuss various types of arthritis conjointly. 
We feel that this is justile: he present book because G-A-S mechanisms 
undoubtedly play a prominent role in the development of any kind of arthritis. 
As we have seen in the prec -ding pages, even the inflammation of the joint- 
tissues produced by formaldehyde is largely dependent upon stress sensitivity 
and particularly the gluco-corticoid:mineralo-corticoid balance. Hence presum- 
ably, the course of an arthritis produced by any agent (including local infection 
or trauma !) would always largely depend upon the efficacy of systemic adaptive 
mechanisms to cope with local stress. It will be kept in mind, that even in the 
case of the so-called infectious arthritides, the actual demonstration of micro- 
érganisms in the joint cavity itself is not always possible. Hence probably 
many infectious diseases produce joint lesions due to systemic humoral derange- 
ments and not to the actual invasion of germs into the joints. 


In the following pages 


Among the most common forms of joint lesions, it is customary to disting- 
uish the arthritis of rheumatic fever, rheumatoid arthritis (synonyms: atrophic 
arthritis, chronic infectious arthritis, arthritis deformans) and osteo-arthritis 
(synonyms: hypertrophic arthritis, degenerative arthritis, 0 teo-arthrosis). In 
current textbooks of medicine, considerable space is devoted to a discussion 
of the differences between these diseases, and especially to the differential 
diagnosis between the last mentioned two groups. This differentiation is some- 
times very difficult and “it must not be forgotten that in the case of a middle- 
aged individual, rheumatoid arthritis may be superimposed on a degenerative 
arthritis, and that both processes may attack the same joint”’.** 
it cee etiology of all these arthritides is not known, we wonder whether 
oe a. justified to stress so much the differences between them, which are 
F . cult to detect, rather than the similarities, which are always obvious. 
Oaege and many other instances, a systemic disease of unknown etiology 
Betis a specific affinity for joint s to cause more or less 
heen tn 4 ieee inflammatory _ We do not 
7: pea mply by thes arks 
on ever, the mar ere 
ecif and > 
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j another can only be due to differences ie ai ithogenic 
malady and 2m neg Y sanot be identified) or to diffe: litioning 
agent pervert od a modify the course of the non-specilic ré (such as 
factors. whic : ry srevious exposure to stress). We believe t e latter 
age, heredity, a fe chief factors which determine the type itis: Sat 


circumstances a 


sure to stress. 
will result from a standard exposure to stre 


Both the histological characteristics and the ogg e aball 
mentioned arthritides suggest that one of a panjor ra ‘os ’ ven the 
arthritis of rheumatic fever. rheumatoid an “99 a * ec i : is that 
the first mentioned is the most acute, the last t : moat “ Eero veloping 
lesion Accordingly. the arthritis of rheumatic fever is most ; 1 among 
arthritis is most frequent in the oldest roup. 


the youngest, while osteo- 

it is well known that many other pathogens es eS. 
inflammatory reactions with advancing age- Even the forma in arthritis” most 
closely resembles rheumatic, rheumatoid and osteo-arthritis. in young, middle- 
aged and senile rats. respectively. In view of these consideration: it may be 
well not to forget that the underlying mechanism in all these arthritides may 
be essentially similar, the differences being mainly due to incidental conditioning 
factors. The production of the polymorph of pulmonary, osseous, cutaneous 
and miliary types of tuberculosis by the same agent, would be a somewhat 
comparable case. Only the discovery of distinct pathogenic agents could justify 
the complete separation of these arthritides and available data rather suggest 
that any of them may be precipitated by the same stressors. 

In the previous section we have already mentioned the experimental data 
which suggest that humoral factors, and particularly adreno-cortical hormones, 
play an important réle in the development of various kinds of arthritis. These 
observations suggested that neither a hyper- nor a hypo- corticoidism is partic- 
ularly conducive to arthritis, but that inflammatory changes in the joints are 
most effectively combatted by gluco-corticoids, while mineralo-corticoids have 
an opposite effect. This appears to be true whatever the nature of the local 
irritant may be. Hence, a derangement in the jluco-corticoid: mineralo-corticoid 
balance was considered to be the cardinal factor. 

Clinical observations suggested long ago that sub-acute and chronic poly- 
arthritides are quite common in patients with atypical forms of Addison § 
disease. Some derangement in adrenal function also appears to exist in both 
male and female patients suffering from ankylosing spondylarthritis. since here 
17-KS excretion is allegedly often increased until the patients reach a state te) 
exhaustion.” On the other hand, usually low urinary 17-KS values have been 
found in rheumatoid arthritis 5! and in rheumatic fever? While any derange- 
ment in 17-KS excretion may suggest some adreno-cortical dysfunction, suc 
observations give us 00 information concerning the gluco-corticoid:minera'”. 
corticoid balance which is presumably the important factor. Besides, the life = 
elimination often remains normal in rheumatoid arthritis or Spo” ylitis * 
and even when a decrease does occur, its significance is difficult to evaluate, 
since low 17-KS elimination is characteristic of the resistance phase © 
G-A-S, no matter how produced. 


ill cause increasin less acute 


Be 

/41, 918 
50 Davison et al. B30925/49. = See 
si Fraser et al. A36086/41, 


ARTHRITIS 


305 
lt o-cortic oid e} n somewhat increased in patients with 
The 9 g arthritis bu nt phenomenon.” 
tol 
yma — waonlaulen eats 
- “ogest sone is adi ularly, an abnormally high propor- 
if Pp es sliminated P rheumatoid arthritics of both sexes. 
tio! yesti© was raised es relation between this metabolic 
Th a ality and the ft roqenesis of rheumatoid arthritis”.** 
pan this prove to be pebicie’ would support the view that 
Sho sara i other di tation” — a deranged steroid hormone 
bere ction in response 60 pathogenic significance. 
£0 ; ‘ rthroses” i 
women with vari‘ srthroses” the urinary elimination of 
realoids ig low," but sit ther chronic diseases have a similar action, 
ollie ecessarily an f a specific steroid-metabolism derange- 
this 1s tn 8 
ment. 2 ‘ : 
It is perhaps also sign!! patients with rheumatoid arthritis often 
ae ‘ +8 : ‘1 tx ke Sl pout? 
how 2 flat “diabetic typ* se-tolerance curve.®* Since gluco-corticoids 


similar distur! this derangement could conceivably result 
from an effort on the part of the patient to combat the arthritis by an increase 
in gluco-corticoid production, but this remains to be proven. 

The hyperglobulinemia of active rheumatoid arthritis is allegedly the result 
of the combined effects of inflammation, tissue destruction and immunization.” 
Electrophoretic studies show a marked decrease in albumin, a marked increase 
in fibrinogen and y-globulin, and a moderate increase in the a, and a2-globulin 
components is quite characteristic of rheumatoid arthritis, but in rheumatoid 
spondylitis the protein patterns are strikingly different.™ 

Because of its metabolic relationships to histamine, the urinary excretion of 
histidine deserves special attention. It is usually subnormal in rheumatoid 
arthritics, but rises considerably during remissions produced by ACTH. The 
histidine elimination is also high in pregnancy and particularly in patients who 
ll a remission from rheumatoid arthritis during the course of ges- 
tation. 


The frequent occurrence of arthritis in patients with Cushing's disease and 


acromegaly *° or those suffering from thyroid disturbances ® re-emphasizes 

the pathogenic importance of an endocrine factor, although purely “endocrine 

arthritis” in rare.5°* a es 

oan possible relationship between the G-A-S and rheumatoid arthritis has 
n discussed by many authors from various points of view 57 main emphasis 


a of course, upon the probable role of G-A-S changes in the adrenal 
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jisease ” 
pea slinosis produced by mineralo-corticoids, it is worthy 
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that granuloma formation in cardiac 


frequent in patients suffering from rheumatoid a | ap 
also characteristic of acute rheumatic fever: these fin al aga 6 ace 
relationship between mineralo-corticoid intoxication, rheumat« itis age 
the arthritis of acute rheumatic fever. 

Among the clinical observations most suggestive of a relatio: between 
the G-A-S and rheumatoid arthritis is that the latter can be pre ited by a 
variety of non-specific stressors. e.g., allergic reactions, focal i tions and 

t 82 All of these are known to be capa of causing 


psychosomatic derangements 
derailments of the systemic adaptive responses. 
In certain instances, the onset and course of the disease are so obviously 


correlated with emotional disturbances that the term “psychogenic 1 heumatism ” 
has been used. Here it is difficult to decide whether the rheumatic lesion, or the 
psychic disturbance, is the patient's “disease”. “What we conventionally call 
‘disease’ is sometimes the ‘agent provocateur, sometimes the wound; it is 
sometimes the overaction of systemic defence measures and sometimes the 
consequences of mismanagement by relatives, friends and even doctors. 
~All these we have called the “the disease’... What kind of arthritis is it 
which becomes activated with each quarterly meeting of the board of 
directors ?”."* These problems may find their answer if we interpret rheu- 
matoid arthritis as a disease of adaptation and not one caused by the specific 
actions of any particular pathogen. 

It is perhaps even more suggestive in this connection that exposure of a 
patient, who already has rheumatoid arthritis, to some new stressor tends to 
cause a remission in the disease. It will be recalled that the very principle of 
non-specific therapy is to elicit a discharge of ACTH. For this it is necessary 
to use a stressor to which the organism has not come to react simultaneously 
with such conditioning responses which would cause an excessive increase in 
the mineralo-corticoid production. In this event, presumably the ACTH 
causes a predominantly gluco-corticoid response and restores the abnormal 
gluco-corticoid: mineralo-corticoid ratio. In this connection it is interesting that 
according to Hench rheumatoid arthritis is beneficially influenced by 4 
variety of typical systemic stressors such as surgical interventions, starvation. 
febrile reactions to foreign protein, pregnancy or icterus. He asked himsel 
“but how can each of these procedures specifically affect the entity. rheumatoi 
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hese procedures has any “specific merit” 
injury, he considered the possibility 


ensue upon exposure to stress.” 


this kind o tly afterwards, Hench et al." admin 


/ to patients with rheumatoid arthritis 


a truly 4 st instantaneous improvement in the 


there was a fall in the previously 
Lipon discontinuation of such therapy 
i] vays) returned or increased promptly 


r work d to obtain more or less spectacular 


—— treatment £0} hic anterior-lobe extracts ** or adreno- 
bene tracts,*? but of hey had to use comparatively small doses 
cortical iy purified reparations. It is undoubtedly the merit 
of incomP Stall and th st the Mayo Clinic to have clearly demon- 
of Hench. t efficacy therapy by the administration of large doses 


the grea ' 
strated ed hormone products, as soon as these became available. 
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. atoi thritis. —A. Untreated patient with subacute rheumatoid 
Effect of cortisone 1” ee ctich he could raise his arms. This amount of movement 
arthritis, showing limit —_ B, Same patient after four days of treatment with cartier, 
caused considerable eae of movement of shoulders associated with marked reduction © 
showing increase’ man (Courtesy of Drs. Hench, Kendall, Slocumb and Polley 
pain and stiffness. 


B 


| 


1 initiati 
Effect of ACTH in rheumatoid arthritis. — A. Before treatment. — B. eo ee) 
of ACTH administration. Note great diminution in the swelling. (After Mac al. bs 
ini atedly 
The observations made by the workers of the Mayo ane have sapere 
een confirmed on a large number of patients suffering ates a ACTH ® 
atthtitis, There is no doubt that, almost always both cortisone a 


™ Anonymous B45084/50, 
Boland B47735/50, 

peland and Headly B39524/49, 
lollander et al. B47877/5 aa) 

pichewitz B44069/49, 

és: asaeld B45083/49. 


Effect of ACTH in rheumatoid arthritis. — A. Bef 


ter come 
ore treatment. — B. Bight days after 
mencement of cortisone administration. The patient 
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had received an initial injection of is 
‘and then 100 mg./day for seven days. Both the swelling and the stiffness ©! the Fahl 
regressed considerably (Courtesy of Dr. E- w. Bol y 


4 
} 


JOINT DISEASES OF ADAPTATION 


400 
are eminently effective if adequate doses - ap aia in hte 
tion) are administered. With cortical ee he in yh diff quantities, 
the results are less conclusive,” presumably becan ihe 'dminister 
acti with expectation, DCA is ei 1 tends to 
aggravate the joint lesions in rheumatoid arthritis. oon one prelim. 
inary communication, DCA given in combination wit ascorbic 8 approx. 
imately the same effects as ACTH or cortisone,” but this clai: s not been 
confirmed by subsequent investigators, whose results were quite variable and 
contradictory." Ascorbic acid alone may have scme effect.’ in 

Since adrenaline is particularly effective in causing an ACTH discharge 
through the A-R mechanism, this hormone has been administered to patients 
with rheumatoid arthritis. Some benefit could be observed, although the endo- 
genous ACTH discharge, that can be obtained with innocuous doses of adren- 


aline, proved much less effective than the exogenous administration of ACTH 
or cortisone.“ Essentially similar results have been obtained with insuline,7™* 
presumably through the same mechanism. 

A number of other steroids have been used more or less empirically. Bene- 
ficial effects have allegedly been obtained in rheumatoid (and occasionally even 
in osteo-) arthritis with various folliculoids.” progesterone,*® A*-pregnenolone,™ 
testosterone,*® and combinations of testosterone, estradiol and A*-pregneno- 
lone.™ It has also been claimed that the hydrarthrosis or arthritis which is 
occasionally produced by testosterone overdosage, can be improved by fol- 
liculoids.“! All these observations will have to be confirmed on a larger clinical 
material since up to now only preliminary reports are available, and the results 
— if positive at all — are certainly not comparable to the spectacular remis- 
sions obtained by ACTH and cortisone. The same reservations must also be 
made concerning 2f-acetoxypregnenolone, which has recently been recom- 
mended for the treatment of rheumatoid arthritis.8'* As stated above, none of 
these steroids, except cortisone, proved to inhibit the “topical irritation arthritis” 
in the rat. Incidentally in one patient, whose rheumatoid arthritis improved 
spectacular after ACTH, subsquent treatment with large doses of testos- 
terone was quite ineffective.5”” 
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Sst survey of more or less closely related compounds 
Spene-17-(c). 20 |-3-one diacetate, pregnane-3, 12, 20-trione. 
ser as-androsce iol, 17(a) hydroxyprogesterone, 17 {«) - 
Ime yi 1 -desoxycor en: tate, desoxocortisone, ergostanyl ace- 
hye revealed that non i had any effect upon rheumatoid arthritis or 
tate}: ~ hil count in 
sinopi , fici ¢ 
ag non-hormona ich may have a benificial effect in rheumatoid 
a salicylates bh -d considerable attention. Some workers 
is; 92 
ed their therapeutic effica merely to the production of an A-R.™ In 
a they would ac' itially as any other non-specific therapeutic agent. 
this § " wae ly sp Se effect i - ati ig ire 
Because of their undou! pecific effect in rheumatic fever, this require 
firmation. , 
con! cid treatment has been recommended, in rheumatoid arthritis and 


Glucuronic a 2 
llied conditions, mainly because in such mesenchymal diseases there appears 
alli 


to be some evidence of a glucuronic-acid deficiency.“** Although beneficial 
results have been noted in some cases, final judgment must await confirmation 
ona larger clinical material 

Since anti-histaminics can cause remissions in allergic diseases, and in this 
resemble gluco-corticoids, it has been suggested — on purely theoretical 
grounds — to examine the possible value of the former in the treatment of 
some diseases of adaptation, for instance, in rheumatoid arthritis.**” However, 
clinical observations revealed that anti-histaminics actually aggravate the joint 
lesions in rheumatoid arthritis. In patients simultaneously afflicted by rheumatic 
(rheumatoid arthritis, rheumatic fever) and allergic (asthma) diseases, there 
appears to be ‘‘an alternation between the symptoms of rheumatism and bron- 
chial asthma,” as if the two conditions were mutually antagonistic. Yet. 
recent experiments suggest that in the rat many manifestations of DCA over- 
dosage (e.g., nephrosclerosis, hypertension) are effectively counteracted by 
anti-histaminics.82* Hence, perhaps further experiments along these lines may 
still yield interesting results, at least in some of the ‘diseases of adaptation . 
which are simulated by mineralo-corticoid overdosage. 

Certain thiosemicarbazone-derivatives (‘Tb 1”, “Conteben”) have allegedly 
given most satisfactory results in rheumatoid arthritis. The diminution of the 
joint manifestations was accompanied by a very pronounced decrease in the 
ESR. and eosinopenia. The relationship of this therapy with the G-A-S 
mechanism has been discussed in detail and the evidence favoring an inhibition 
of mineralo-corticoid production or an increase of gluco-corticoid secretion has 
been reviewed. These observations, as well as certain derangements in the 
aa metabolism of patients with rheuma 

mal eviden ore 
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Acute gouty tis precip. 
itated by withd | of ACTH 
Note swellin: cond digit 
and cellulitis ck of the 
hand which a 1 48 hours 
after the ad istration of 
Atari. The nt was suc- 
cessfully treat the acute 


attack by a i course of 


ACTH. 
(Courtesy of Dr Hellman, Medic 
al Division, Mont: Hospital.) 


Effect of ACTH and cortisone in gout. — A. Note well developed tophi during an attack, 
before treatment. — B. Liquefaction and breakdown of the tophus following a few tays of 
treatment with large doses of ACTH and cortisone. 


(Courtesy of the staff of the hospital for Special Surgery, New York City 
research under the direction of Drs, Freyberg and Trager-) 


In the juvenile form of rheumatoid arthritis, known as Still’s disease, ACTH 
is also very effective.** 


In this section we have not spoken about gouty arthritis since this condition 
has already been discussed in the section on “Metabolic Diseases of Adapt 
ation”. Let us merely re-emphasize a few cardinal facts here. ACTH increases 
the uric-acid concentration of the blood and urine, but, in gouty arthritis, the 
clinical improvement after ACTH therapy is much greater than that obtained 


s4aStillman and Bayles B46981/50, a ea 


403 


acid excretion (e.g., acetylsalicylic 
x gen ie 1 interruption of ACTH therapy in 
with oF It will also bé 3 : 

oy 86 It yuty arthritis can be actually preci- 
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= ( 11 development has not yet been syste- 
‘ Or ,ent investigation was concerned with 
mined. Jn by 


mat ce of systen n the development of alveolar bone. It 
the import d “that in Ith and disease, alveolar bone reflects the 
was conclu “—- of the ent 1] system in terms of the relative predom- 
iling status ; : rae 3” 87 
preval af bone formative « resorptive changes . 
jnance on knowledg irse, that various systemic diseases, intoxica- 
It is BE cuiition and other types of stress delay and derange dentition in 
tions, ma Vet it is noteworth that even in advanced hunger osteopathy the 
children. lly not affected,** and that dental caries are allegedly even less 


teeth are usua 


n in malnourished patients.*° 
than normally commo 1 


BLOOD COUNT 


(See also: iron and hemoglobin metabolism, erythrocyte sedin tion rate, 
blood-coagulation, erythrocyte resistance, blood-sludging. ) 
Virchow ® was probably the first to point out clearly that the old concept of 
pyemia” corresponded to a leucocytosis, while Israel °* recognized the fact that 
this was not a disease in itself but the consequence of other disea Towards 
the end of the last century the non-specific nature of most types of leucocytoses 
had become almost generally accepted and its participation in defense 


phenomena was suggested by such names as “Kampf Leucocytose’’, especially 
in the German literature. On the other hand, it was also observed that some- 
times an equally non-specific diminution of the white-cell count occurred 
under the influence of disease or non-specific protein therapy; this was referred 
to as leucolysis (““Leucolyse”’)."" 

Systematic experiments on animals soon revealed that the white-cell count 
is normally quite different in various vascular territories of the body and that 
these differences may become even more pronounced under the influence of 
diverse injuries. Thus, one early investigator noted that in the splenic vein of a 
rabbit, there were 3,400 leucocytes per cc. of blood, while, at the same time, 
the splenic artery contained 28,000. Presumably an increase or decrease in 
circulating leucocytes is not necessarily indicative of an altered production or 
destruction of these cells. It may also result from an abnormal distribution, 
perhaps due to local ‘chemotaxis’, causing retention of white cells in certain 
organs, from which they can later be discharged into the general circulation 
when needed.®” 

Subsequently, with the gradual improvement of hematologic technics, increas- 
ingly more emphasis was placed upon the differential white-cell count. It was 
found that even within the same vascular territory, the different types of leuco- 
_ do not necessarily show parallel variations. It has also been recognized 
eee ys as Ark are highly specific for certain diseases 
relatively non-specific (e eat ecalilt os iepall aed age 
Bo tans age ie ee eutrophil leucocytosis of infections, the eosino- 
e allergic iseases). Thus the differential blood-count became am 
important diagnostic tool in modern medicine.®* 
DL OS aera 
non-specific and represent pee er iy fhe LS palmer ye oe 
itself. Observations on the mouse ; a. eee ae 
stimuli as adrenaline, formaldeh re nn pe BN ee ane 
cause essentially simil e ge fama or forced muscular exer 
'y similar changes in the white-cell ap d us to “con- 
clude that the total white-cell count in ae a ised ne ili 
Snesesidialy ontern ts. inst, dhe creases, mainly as a result of neutroph 
reaction. At the same time, there is relati 
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e alarming stimuli, a period of leuco- 
on. Leucopenia was observed throughout 


n which the animal was unable to resist 
m4 


enia- Following €* 
0, : is charé 
prop” recedes this ¢ 
pena | experiment i si 
hi who -vulus S ied 
t ; stimulus “* - 


count “ 


Blood~ 
ypite-cell count 13.1 Effect of AR upon the white cell count in 
[rosa tymorphs , the rat. Synoptic symmary of various exper 
quem | iments. (ner Seve 9872/8 
f the rathe recent literature concerning this subject 
(cf below), it is especially em| ,asized that all these alarming stimuli caused 
considerable absolute inc in the total white-cell count, which was entirely 
ms 6 polymorphonuclea! leucocytosis. The accompanying lymphopenia was 
almost invariably relative: only occasionally did we find a small diminution in 
the absolute number of the lymphocytes (cf. table). The mildness of this 
absolute lymphopenia was somewhat surprizing to us since histologic studies 
showed that, at the same time, the lymphocytes in the germinal centers of the 
lymph-nodes, as well as the thymocytes, underwent practically complete dis- 
integration. From this it is evident that the circulating lymphocytes are much 
more resistant to destruction by alarming stimuli than those in lymphatic 
organs, especially in the thymus and the germinal centers. 
Our experiments on rats exposed to cold, forced muscular exercise, or for- 
maldehyde injections revealed furthermore that ‘in contradistinction to the 
neutrophils, the eosinophils diminish almost to the point of complete disappear- 
ance from the circulation, but reappear later in larger numbers when the 
neutrophils return to normal. The reticulocytes show a simultaneous, rather 
considerable rise’".°® Numerous subsequent observations showed the intensity 
and constancy of the eosinopenia and reticulocytosis during the A-R phase 
of the G-A-S.® All these findings were only of theoretic interest, however, 
until it was shown that in man, this eosinopenia is a highly sensitive and constant 
sign of the A-R, probably mediated through the discharge of ACTH and gluco- 
corticoids. It is due to these clinical observations that the eosinopenic response 
has been developed into a diagnostic procedure capable of testing selectively 
me Tesponsiveness of the hypophysis (exposure to stress), adrenal cortex 
picttion of ACTH) and the peripheral targets (injection of gluco-corticoids) = 
~_ Ss techniques recommended for the counting of eosinophils have 
Th iewed elsewhere.®7* 
rthum hee count rises durir 
© or below nor: 


initial hemoconce 


In view 9 


of the A-R but tends to 
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Traumatic shock prov ed to be particularly Bpecuves tn caus! orpho- 


nuclear neutrophil leucocytosis with relative lymphopenia duri A Rist 
the mouse and rat. Essentially similar changes have been « 1 dae 
cat and rabbit." the dog '® and man." 

Eosinopenia following various surgical operations has beer in the 
dog and in man." Since ACTH and corticoids likewise cat 10penia, 
recent investigators believe that “the occurrence of eosinopenia g oper- 
ations may be construed as further evidence of the rdle of the il cortex 
in the alarm-reaction In man” The often total absence ol phils in 
women during labor and delivery has also been attributed t idreno- 
cortical stimulation which accompanies the A-R elicited by stres: 

The red-cell count shows less consistent variations because it de} 1s largely 
upon the degree of hemorrhage which accompanies the trauma. The hemo- 
concentration — due to the A-R itself — tends to cause a rise, the accompany- 
ing hemorrhage, a fall in hematocrit values."”* There also tends to be a wide- 
spread trapping of erythrocytes in the minute vessels of all the organs in the 


body; this naturally likewise influences hematocrit values.’”” 


It has long been known that severe hemorrhage also causes neutrophilia. 
The so-called “‘crusta phlogistica” (the white-cell layer in the blood clot) 
increases following repeated blood letting: a fact frequently noted by the 
ancient physicians.” Numerous subsequent animal experiments confirmed the 
existence of a “post-hemorrhagic leucocytosis” and revealed that it is princi- 
pally due to an increase in polymorphonuclear neutrophils. It has been claimed 
by earlier investigators that the serum of severely bled animals acquires leuco- 
poietic properties, perhaps due to leucotactic protein degradation products, 
but this has not been confirmed. Of course, at the same time, the circulating 
red-cell volume and the hematocrit values are diminished.™™* 


In man, following an acute hemorrhage the leucocytosis may be considerable 
(up to about 30,000/cc.); there is a relative increase in polymorphonuclear 
neutrophils and often some immature forms appear. Immediately after a 
severe hemorrhage the red-cell count may remain normal, due to compensation 
by the discharge of erythrocytes from depots (e.g., the spleen) into the blood. 
Later, however, blood dilution occurs and the color index falls, because red- 
cell replacement occurs more rapidly than hemoglobin formation,1* 


a ations on patients with sudden profuse hemorrhage into the peritoneal 
cavity (e.g., ruptured ectopic gestation, bleeding from a ruptured ovarian fol- 


licle), may also cause marked neutrophilia wi i i 
philia with a sh ie i ” 
suggests the non-specificity of this response. ee a 


“uo pag “ the renee pertinent literature, it is somewhat surprizing 
group of investigators (apparently quite unaware of any previous 
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. os ysis) claimed that in rabbits, removal 
1 
E the blo ices no increase in the total leucocyte 


ica 

ulic -ter O 
if one quart yeas con! cvtosis cannot be regarded as a char- 
0 ance - : P 
<ount: Hen ffestation ‘ statement is all the more astonishing 
c aie manite- ; > AG : 

stic ™ Gqures from 8,450 to 12,000 leucocytes/cc. 
own Ng 115 


since Pie 24 hours follc 


I rhage. 


{uring srhage marked eosinopenia characteristic of 
Jn mice hemorries 
2 Ri 

the erimental bi e rabbit, there is an immediate increase 
collowing exper : : : 
F y and’ hs ontent of the blood which accompanies 


 ancentration duc 1a loss. At the same time, the total white- 
the hemocon ases even mo! edly than the red-cell count. 12 to 24 hours 
cell count earn Reeve: leucocyte count falls to extremely low levels 
fter a severe ke disappearance of the polymorphonuclear neutrophils, 
with cell eount diminishe «17 This leucopenia is rather reminiscent of 


while the re a : : . nate 
iat which we observed in particularly severe alarm-reactions, caused by a 


gents to W hich the animals could not resist (cf. above). 


variety of other a 1178 


It likewise occurs in man, following severe burns. 
In confirmation of clinical observations, it has also been shown in the dog 
that severe burns can damage the erythrocytes so that there is poikilocytosis 
and microcytosis, with discharge of free hemoglobin into the plasma. Many 
of the red cells contain granules similar to the so-called ‘Heinz bodies . This 
effect is apparently due to a direct action of heat upon the erythrocytes since 
t occurs even in blood heated in vitro."® 

Similar blood destruction, after burns, has also been reported in various 
other animal species as well asin man.® At the same time, the white-cell count 
is greatly increased and remains high, especially if infection supervenes.”” 

Following severe burns in man, secondary anemia usually begins to be mani- 
fest after the 5th day. It may be caused by reabsorption of fluid from the tissues, 
primary or secondary red-cell destruction due to increased erythrocyte fragil- 
ity, and sometimes to inhibition of hemopoiesis due to sepsis or malnutrition.’** 
Trapping of erythrocytes in the capillaries may also play a role.1?? 

There is no doubt that in the anemia of burns, a specific, direct, toxic action 
of heat upon the erythrocytes is of importance. Nevertheless, a recent clinical 
study led to the conclusion that “a predominant role must be ascribed to the 
absence of erythrocyte regeneration and the hypothesis that the alarm reaction 
intervenes as an agent causing erythrocyte destruction’’.1** 
nce to cold causes a predominantly neutrophil i eae ee 
| eee blood, for instance in the g rab! ee aoe 

fad iid be largely due to a ch in v “4 
Guinea ken at the same e 

ea-pigs that the n 
and eosinopenia 
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ise and rat showed tha 


i stige e mou inteaele 
Subsequent investigations 1n the iis 


of these hematologic changes runs parallel with pile ate ; : of the 
A-R produced by cold and hence the response was regarded a rt of the 
G-A-S,""* ’ ; | 

In man, exposure to cold has also been demonstrated to ee y phopenia,!2t 
eosinopenia "8 and a rise in hematocrit — the latter due to hem« “ntration 
— if the resulting stress is sufficiently severe to produce other m festations 
of the A-R (eg.. increased erythrocyte sedimentation rate, diu ) 128 

Heat (produced by radiotherm or hypertherm) occasionally causes an initia] 
lymphocytosis, but as fever develops, this is followed by lymp! ypenia and 
neutrophilia, both in the rabbit and in man. This was regarded as a “non- 


specific reaction” representing a “mobilization of the defense forces of the 
body”.%° Essentially similar hematologic changes were observed in man during 
exposure to humid heat '? and especially after an actual heat stroke," as 
well as in rats exposed to heat.1*°* 


Tonizing radiations and especially x-rays exert a rather specific effect upon 
the blood-count, causing rapid disintegration of both lymphocytes and poly- 
morphonuclears. However, they also elicit non-specific G-A-S manifestations, 
and hence the hematologic picture resulting from exposure to x-rays is a 
combination of specific and non-specific actions. Numerous observations, on 
various animal species and man, reveal that during the few hours following 
irradiation, there is marked leucopenia with a diminution of both lymphocytes 
and polymorphonuclears, but on the following day, a polymorphonuclear leuco- 
evtosis usually ensues; this is, in turn, followed by a more prolonged leucopenia. 
The transitory leucocytosis may perhaps be interpreted as part of the A-R 
produced by this stressor, which, at its height, overcompensates for the specific 
white-cell destroying action of the rays.4** The simultaneous occurrence, at 
a certain stage of lymphopenia with polymorphonuclear neutrophilia,1*‘ as 
well as of organ changes typical of the G-A-S ™ led to the suggestion that at 
least part of the hematologic syndrome after x-irradiation may be due to a 
superimposed A-R.1#5* 

Experiments in which two cats were united by cross circulation, one being 
x-irradiated, the other shielded, gave no evidence of any humoral transmission 
of factors which would affect the blood-count.!** However, perhaps here the 
duration of the transfusion was not long enough for the corticoids to manifest 
their effects. 
et os Bien tends to be a transient neutrophilia in 
Bee isestcie x nee rythropolesis is also markedly depressed, presum- 

ge to the hemopoietic elements of the bone-marrow.’ 


Even this response may be largely non-specific as it is duplicated in the rat 
by acute starvation.'*® 
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¥ naes have occurred in mice receiving 


fi centially aoe ove swine '#2 and man,'** exposed (from 

of OU fle : mong the employees of the Los Alamos 

inl? + distance) oO (Di nic Bomb Project), neutropenia often 
2 tific ee t a : of lymphocytes remained normal.’ 
* curred en Beictraord ivity of leucocytes to ionizing radiations, 
Because of the — veen specific and non-specific effects. 

it is di cult as Ere est ffective alarming stimuli and, at the same 
Jonizing ly ‘conduciv cyte destruction; both these features are 
time, particu nef | especially stress situations to which adaptation is 
paracteristic “4 ‘ble Whet the non-selective destruction of all white-cell 
difficult oF ee Aiations hould be regarded as related to the A-R is never- 
types By toniens Stal. It is perhaps more justified to consider the transient 


bless very dou | 
ti rphonuclear neutrophilia as 
Peat if irradiation is too severe 3 
ae rshock phenomena are particularly obvious. 
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part of the G-A-S, especially since it is 
to be withstood and most evident when 
145 


sai ultraviolet irradiation a transient leucopenia during the first ee 
a soon followed by a marked polymorphonuclear neutrophilia wit 
ours i ) 


lymphopenia. Here again, excessive exposure ae to ee a oe 
enia in which all white-cell types participate. is response, “ gh 
tice of that caused by other stressors, has been found to occur both in 
the rabbit and in man.'*° 
In patients receiving electro-convulsive Rial ee 18 
lymphocytosis with relative neutropenia during the “a ew baa: a c hess 
later this gives way to lymphopenia and eosinopenia, pale fish ye 
sitory neutrophilia. The latter response was ascribed to activa : Pig 
adrenal cortex, since similar results were obtained with injections of purl 
... .. hock th 
The transitory neutrophilia caused by electro-shoc er bates 
by pineshock. ee ation of the cerebral ventricles and - at tet 
This again was taken to signify that such responses are mediated throug 
same mechanism.1*° — 
Following both “grand mal" and ‘petit mal” reactions to seni 
therapy in male psychotics, marked lymphopenia ensued in about t ee — 
although, this was preceded by distinct lymphocytosis during the first a i 
after the convulsions." The resemblance of this response to that produced by 
the stress of other alarming agents has been emphasized.'** a 
Nervous and emotional stimuli which are notoriously effective in producing 


is a transitory 


apy is duplicated 


other manifestations of the G-A-S, also proved highly act! sts oe. 
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polymorphonuclear leucocytosis with lymphopenia and ei In man, 
following the injection of irritants into the ae uic scytosis, 
reticulocytosis, neutrophilia and lymphopenia crane is was ted toa 
chemical stimulation of the hemopoietic centers. a" 

Systematic investigations in rabbits indicate that ‘‘stimulation « postenten 
region of the tuber cinereum OF mammillary body resulted ir hopenia, 
which was similar in time-relations and magnitude to that following an emo- 
tional stress stimulus’. Stimulation of other regions of the hy lanai 
hypophysis did not elicit the response." 

It has been claimed that emotional excitement tends to cause | ytosis in 
the cat and leucopenia in the rabbit,1°* but the cause of this alleg: ecies dif 
ference is not known. In rabbits, sympathetic stimulation produces lympho- 
cytosis, parasympathetic stimulation and polymorphonuclear leucocytosis.!% 


Certain differences in reactivity have therefore been attributed to varying 
degrees of sympathico-tonus and parasympathico-tonus, but these “‘explana- 
tions” are rather vague. 

It has repeatedly been emphasized that these hematologic changes occur 
so rapidly that they could hardly be ascribed to actual formation or destruction 
of cells; probably they are due to a redistribution of the leucocytes in the 
various vascular territories. This interpretation has received support from 
actual determinations in various blood vessels.*** 

The first systematic studies which attempted to correlate the hematologic 
response to a nervous injury with the G-A-S, showed that after spinal cord 
transection in the rat there is polymorphonuclear neutrophilia and hemocon- 
centration with a rise in the red-cell count. This coincides with other mani- 
festations of the A-R (e.g., enlarged brown adrenals, gastric ulcers, pyknosis 
and karyorrhexis of thymocytes). It was pointed out, however, that in this 
particular case, the resulting hypothermia is probably of great importance, 
since maintenance of the normal body temperature (by placing the animals 
in a warm chamber) prevented all these manifestations. Nevertheless, the 
changes in blood picture could be ascribed to the resulting A-R since similar 
manifestations were produced by formaldehyde injections, and here, main- 
tenance of the body temperature exerted no protective effect.1** 

In mice in which emotional stress was produced by tying the animals to @ 
wire grid, there developed a pronounced lymphopenia which again was ascribed 
to the A-R.1°8 

In rats subjected to a similar emotional stress (by tying the hind limbs with 
gauze and fastening them to a board) lymphopenia was manifest within two 
hours. Prefrontal leukotomy did not influence this lymphopenia but “the 
lymphocytic count in the control animals rapidly and progressively returne' 
to normal pre-stress levels, and in these animals the absolute polymorpho- 
nuclear-cell count showed a marked rise after stress. In the leukotomized ani- 
mals, the lymphocyte count did not return to normal as rapidly as in the 


oan did the increase in polymorphonuclear cells occur in these ani- 
mals”’. 
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Seacatu! psych ange causes a fall in the lymphocyte 

In man, - cia Hoaglan: pursuit meter was used. This is an 

cot v onsisting a. tick and rudder pedal controls that 
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d that it tends to run inversely parallel 
ly, in psychotics the lymphocyte count rises 
ss and this is act ied by irregular variations in 17-KS excre- 
pointed out that this can be established as generally typical of 
hotic patients, we ? pie ee quantitative invest- 

: daptive, physiological tunction . : 

. - Re ent A high humidity, normal persons likewise responded 
a in blood lymphocytes, while psychotics almost invariably exhibited 
Be gence blood-lymphocyte count. The authors state that: “with the 
fet time stress employed here, it is entirely likely that we are dealing with 
the first stage of the adaptation syndrome, which involves adreno-cortical 
hypersecretion as the result of the pituitary stimulation following ame The 
inability of the patients to exhibit an adreno-cortical response may be due to 
a block to secretory activity in the adrenal cortex itself or to a iets of 
typical pituitary secretion”.'°? In discussing these results Pincus *®* points 
out that: “the psychotics whom we studied were men who had broken down 
under the particular stresses of their lives. Is the poor functioning of the physio- 
logical stress response mechanism etiologic to the mental breakdown ? 
Subsequent investigations showed that various other psychologic stressors 
cause a fall in blood lymphocytes in most normal individuals. This response, 
accompanied by eosinopenia and increased uric-acid excretion, was also elicited 
by standard stress situations in patients with anxiety neuroses. It was empha- 
sized that all these changes are similar to those produced in normal or neurotic 
individuals by relatively small doses of purified ACTH. In women pero 
from ‘hysteria’ the lymphocyte count is often normal, judged by the lymp - 
a caused by “stress interviews’. allegedly “there was evidence ia t : 
iscussion of disturbing topics produced a mild alarm-reaction 1D norma 2 
Psychoneurotic patients.1%° Lymphopenia during “stress interviews” has also 
shes speciioa = (Ck, alg: News Sf Adaptation) 
l these data supp , the relative 
ae accon " 


tion. It was 
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count during the G-A-S. For instance, both adrenaline and th ids, lifes 
ated at this time, can cause blood-corpuscle discharge fron en, ae 


corticoids apparently also cause lymphocyte destruction. It is thensliges 
that the final effect of stress will again largely depend nditioning 
factors (¢.g- lymphocyte stores, dietary factors conditioning A‘ secretion) 


which vary greatly in different individuals, even within tl spectag 
according to age. Sex. heredity, degree of stress, previous exp: ef 


It is a well known fact that muscular exercise exerts an important influence 
upon the blood picture. In man, a so-called “myogenic leucocyt "Gs Seen 
a few minutes after muscular exertion; ' this is usually accompanied by a 


slight increase in the red-cell count.'"! Differential blood-counts on athletes 
revealed that an increase in large lymphocytes is mainly responsible for this 
myogenic leucocytosis” and that the response is much more pronounced in 
untrained than in trained individuals.!* Parallel with the lymphocytosis, the 
neutrophils tend to diminish, although, with excessive exertion, neutrophilia 
with left deviation may occur. In some men a sudden, often pronounced, 
increase of the eosinophils (up to 10 per cent) has been noted, but this is 
generally followed by an equally rapid drop.'™* The cause of these irregular 
responses could not be established, but experience shows that most men respond 
with eosinopenia after muscular exercise.!"# 

Extensive systematic investigations in animals and man led to the conclusion 
that “myogenic leucocytosis” is characterized by: (1) a rapidly increasing 
leucocytosis which continues to rise long after the muscular work; (2) in the 
beginning, a relative and absolute lymphocytosis, which in the case of exces- 
sive exertion, turns into a severe lymphopenia; (3) later, relative and absolute 
neutropenia, which is followed by pronounced neutrophilia and left deviation 
of the blood-count. This is occasionally accompanied by eosinopenia and baso- 
penia.'™* 

The more intense the muscular exertion the more likely is it to cause lympho- 
penia. But dietary conditioning factors are also important in determining the 
direction of the deviation from the norm as shown by observations in the rat 1% 
(cf. Blood count <— Diet, pp. 419, 432). The transient initial lymphocytosis ane 
and erythrocytosis 178 was particularly striking in the rat and dog after muscular 
stress. It can perhaps be ascribed to sudden discharge from depots, for instance, 
the spleen (cf. below). 

Our studies concerning the influence of the G-A-S upon the blood-count in 
the rat and mouse suggest that the so-called “myogenic leucocytosis”’ is merely 
part of an A-R. The same explanation presumably also holds of the accom~ 
panying lymphocytopenia and eosinopenia, although we do not yet have any 
definite explanation for the sometimes irregular rises in the lymphocyte count. 
Unlike other alarming stimuli, forced exercise often caused a fall in the red-cell 
counts of our rats. This may be due to blood dilution; perhaps because, while 
running, the animals lose blood from incidental wounds to their legs.’ 
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slso deserves to be mentioned in this 


“war ly 
he so-called ee has been regarded as a characteristic 
sense n- a of wal led to considerable speculation. Some 
“esp Bai regarded it | of the Germanic races” ,!8° while Russian 
German @ 1 "eferred to it leviation” of the blood-picture,'*! attrib- 
investi vous exertion | deficiency or excessive muscular work 
ytabl .. underprivilege: 
among © toriously ef n producing a rise in the red-cell count 
Anoxia 'S no Se increase it blood hemoglobin, so that the color index 
with 4 correspon 4 ene: iy in the initial stages, there is a considerable 
mains Be in Reticu ‘cvtes. The pertinent literature clearly indicates 
ncrease mn etl feiae to a stimulation of erythropoiesis in the hemopoietic 
that this Re of a specific response to oxygen want.!™ 
2 


segues aS P y ‘2 ; 

‘ai recent experiments on rats led to the conclusion that relatively high 
Best levels may be maintained by short exposures to 18,000 or 25,000 ft. 
ema’ . ) 


9. or 3-day intervals, but that such acclimatization is lost completely by 
at 4 " : 


exposure at greater intervals’’.'" | Co 
Data concerning changes in the white-cell count are 0 OT al 
Experiments on rats and guinea-pigs led to the conclusion t : x uctio = 
atmospheric pressure causes temporary leucocytosis pesrnae y = ae 
emptying of reservoirs ) followed by leucopenia (allegedly ue to “niga 
of hemopoiesis in bone-marrow and lymph-nodes) . Failure to ang ise 
biphasic nature of this response may explain the inconsistency of the results 
reported by earlier investigators.” 

In men exposed to the psychic stress of pursuit meter opera se 
conditions, the lymphocytopenia of stress is particularly pronounced. 

Conversely, exposure to increased atmospheric pressure depresses — 
poiesis in man.'8* This is presumably also a specific response eens: ’ 
accompanying neutrophilia, followed by neutropenia, may have been due 
the G-A-S. 

It is obviously not within the scope of this monograph to eS 
enormous literature concerning the hematologic effects of various spontan ‘he 
diseases of man.18* In connection with changes presumably due to non-speci 
stress, it is well to remember, however, that various chronic infections, or 
and advanced neoplastic diseases tend to cause an anemia which is 0 E a 

ciently severe to ke the presenting syMP om. The color index in. suc _ 
tends to be low and the anemia is gene to ‘toxic inhibition aa tne 
“ed function”, Bulmir nemo ' , use he 

Actocytic ane 

the me * 


tion under anoxic 
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cytic and hypochromic. There is no accompanying retic ulox Che bone. 
marrow is hyperplastic with an increase 11 the myeloid-eryt! tio. The 
plasma iron concentration is decreased, while blood-copper : porphyrin 


are increased. The theory was offered “that the anemia of i1 1 is. dedi 
failure to form heme as the result of lack of iron to incorpora he nate 
porphyrin molecule”.!** Radio-iron studies showed that son is capable 
of entering the erythrocytes as hemoglobin even in the a f chronic 
infection. However, since intense iron therapy is ineffective, i concluded 
that lack of iron in itself cannot be the limiting factor here.’ inistration 


of copper was also ineffective.™"' 


It is very probable that the “anemia infantum pseudoleukeemica on Jaksch’s 


disease) is a related condition. Here splenomegaly, enlargement of the liver 
and lymph-nodes is combined with severe anemia, while primitive erythrocytes 
and leucocytes appear in the blood. This should be regarded as a syndrome 


rather than a disease. ‘It is probable that it represents the response of the 
extremely labile hemopoietic tissues of the infant to one of a variety of different 
conditions. Thus it may be found in association with rickets, tuberculosis, 
syphilis, gastro-intestinal disturbances and undernutrition’’.1®? 


As regards the pathogenesis of these hematologic changes, it is interesting 
that the erythrocytosis frequently noted in the first stages of malignant diph- 
theria has been regarded as due to hemocencentration resulting from an acute, 
relative, adreno-cortical insufficiency. 


Polymorphonuclear neutrophilia with left deviation and relative lymphopenia 
is most pronounced in acute infections, especially when pus formation is 
intense (e.g.. peritonitis, appendicitis, cholecystitis, salpingitis, osteomyelitis, 
otitis, pyelitis, pyelonephrosis, pyemia). It is comparatively independent of 
the etiologic organism. Quite frequently polymorphonuclear neutrophilia may 
be the deciding factor in recommending an operation in a doubtful case of 
appendicitis. However, the very fact that similar neutrophilia may be asso- 
ciated with an acute attack of gout, acute yellow atrophy of the liver, uremia 
or diabetic coma suggests its non-specific nature.1* 


Experimental observations in animals showed that the changes in the white- 
cell count produced by infections are largely due to redistribution of the white- 
cells in the different vascular territories. Be this as it may, the typical white- 
cell picture of the A-R has been reproduced experimentally. In the cat for 
instance, pneumococcus infection resulted in polymorphonuclear neutrophilia 
with left deviation, lymphopenia and eosinopenia.** 


Significantly, various acute febrile conditions in man have long been known 
to cause eosinopenia.*** Recently this change has been regarded as part of 
an A-R caused by adreno-cortical stimulation incident to sudden stress. Thus 
for instance in acute porphyria the eosinopenia is accompanied by metabolic 
(hyponatremia, hypochloremia, increased excretion of uric acid) and adrenal 
changes which can be duplicated by ACTH or corticoids.°™ 
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7 on the a _ oot sma to lymphocytosis 
- a ee cougt rculosis wit out secondary infection), 
4 om f mphoc} .al in childhood. In typhoid fever and 
wile a slig ft n note m -nia with relative lymphocytosis. 

w oO 


qalatid of the literatu 1g hematologic changes produced by focal 


asurve the con these develop in four stages, depending 
jons led f° : (1) the phase of comb 

infecti© Ets of defen ganism: e phase of combat (char- 
upon the § neutrophilia phase of defense (with monocytosis), 
acter by of healing ymphocytosis and eosinophilia) or (4) the 


hase 


(3) ¢ #7 exhaustion (witl nia). The latter allegedly represents the 
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phase eof all the chroni | infections. 
final . infections for  trichinosis, notoriously tend to cause pro- 
arasitic © his is in marked contrast to the eosinopenia character- 


hilia. 
nounced es ad of treatment with corticoids or ACTH (cf. below). In 


A cannot be considered as a non-specific ee yet, the ee, 
i ly relative, as a great variety 0 parasitic organisms (as 
: imate tens) can elicit it 2 (cf. “allergic conditions”, below). 
: obviously very difficult to evaluate the part played by non-specific stress 
in the manifold-hematologic responses produced by infections and eee 
Numerous pathogenic agents exert evidently specific effects upon the blood- 
count. These can be superimposed upon the non-specific G-A-S manifestations. 
Furthermore, the effect of systemic stress itself will vary, depending upon a 
intensity of the damage and the length of exposure. However, since a 
stressors demonstrably affect the blood-count, it will obviously be indispens- 
able, henceforth, to distinguish between specific and non-specific hematologic 
effects, Systematic investigations from this point of view have not yet been 
undertaken in the case of spontaneous diseases. Therefore the only assump- 
tion which appears to be warranted at present is that the polymorphonucleat 
neutrophilia with left deviation, accompanied by relative lymphopenia an 
eosinopenia — as seen especially in acute infections and intoxications ae 
probably part of the resulting A-R. Further work will be necessary to a is 
the mechanism through which micro-organisms causing widespread, puru ent, 
inflammatory lesions are particularly effective in conditioning the organism to 


tespond in this manner to stress. <4: 

_Tn various allergic conditions eosinophilia is rather characteristic and pomie- 
times attains an extraordinary degree- However, marked fluctuations a 
extreme shifts in the eosinophil and total white-cell count were es oe : 
eas animals during experimental hock produced = ie man, 
a histaming tends to deve? 


this sense, 
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of the pertinent literature led to the conclusion that: “...it generally 


believed that the eosinophil cells participate in the defen ss of the 
human body, especially in conditions of hypersensitiveness 

Pronounced eosinophilia (up to 20 per cent) has been prod in mice by 
feeding them muscle from rats infected with Trichina spiralis This is also 
seen after actual infection with this organism.*"" It is well t ep in mind 
that diametrically opposed reactions may be produced by the same agent under 
different experimental circumstances. This is particularly tru changes in 
which the end result depends upon the relative intensity of consumption and 


production. Thus, as we have said in other connections, an A-R produced by 
traumatic injury causes hyperglycemia in the intact, but hypoglycemia in the 
adrenalectomized animal; exposure to chronic stresses of various kinds causes 
loss of adrenal-lipids during the A-R, but increased lipid storage during the 
resistant stage. The possibility should not be neglected, therefore, that the 
eosinopenia of the A-R may be related to the eosinophilia of parasitic infesta- 
tions and allergic conditions. 


The functional significance of this eosinophilia is not known, but interestingly 
an anaphylactogenic protein could be detected in eosinophils and not in other 
leucocytes.7”° 


In connection with the effect of stressors on other leucocytes, it is noteworthy 
that in ragweed-sensitive patients, lysis of leucocytes is often obtained in vitro 
upon addition of ragweed extract to the blood.?"" 


In our earliest experiments concerning the G-A-S we often used drugs 
(e.g.. formaldehyde, adrenaline) to produce an A-R and found that poly- 
morphonuclear neutrophilia with lymphopenia and eosinopenia are character- 
istic hematologic manifestations of this stage.2”* The underlying mechanism 
is probably the same in the neutrophilia produced by various so-called non- 
specific therapeutic agents such as foreign proteins, milk or blood injections 
and parenteral administration of colloidal metals.2"® If the patient does not 


respond well to such non-specific therapy, the leucocytosis may be absent or 
actually replaced by leucopenia. 


The so-called “leucocyte-reaction” of Gouin 2" is apparently based on this 
response. It consists of an increased total white-cell count produced by various 
non-specific drugs in patients who respond favorably to them. Absence or fe- 
versal of the leucocytosis under these conditions is regarded as an unfavorable 
sign. This reaction has been recommended for the rapid screening of many 


non-specific remedies to determine which one would be most likely to be bene- 
ficial in a particular case. 


é In the rat, the hematologic changes elicited by acute alloxan intoxication até 
similar to those caused by various stressors. They are accompanied by other 
A-R changes and have been ascribed to the G-A-S.2 
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power” ith polymor . 
hope’ 1 toxins cause hock, hemoconcentration may ensue and 
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vnemia of infection that has been produced 
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anemia injection of boat 
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vaphylococcl toxin. | | 
From a clinical point of vir 
h as are used in the 


it is especially interesting that bacterial pyro- 
therapy of hypertension, produce hematologic 


ens, Suc! he rabbit. which are identical with those seen during the A-R 
changes 17 TH administration. At the same time, typical A-R changes are 
a ae na drenal cortex and other organs.?!* These observations are in 
noted ae the assumption that bacterial pyrogens exert their beneficial 
agreem 


; he production of an A-R. 
t largely through t 
Ss hicine causes a transient neutrophilia followed by a prolonged lym- 
ds in the rabbit.?*° This response has not yet been correlated with the 
p 


well known A-R-producing action of this drug. However, in man, ge ea 
intoxication elicits such hematologic alterations simultaneously with charac- 


teristic A-R changes in other organs.?'** a 
The fact that intraperitoneal injection of very hypertenic ig arn 
causes hematologic G-A-S changes 217 js readily understandable. : e if 
phocytopenia after such injections has been considered to be part . t ake 
ing A-R.218 It is more difficult to explain, however, why an acute lymphoper 
~ similar to that seen in the A-R — is produced in the rat by oral cgacngengae 
of a50% glucose solution.2!® In man, oral administration of sabe gm. be 
glucose also results in a pronounced decrease of circulating lymp cae 
This response was found to be exaggerated in patients suffering from ia “ied 
or psychoneuroses.22!_ Evidently glucose promotes corticoid disc ae 
markedly than could be expected on the basis of its extremely mi a 
fect. Perhaps its ability to sensitize the adrenals to ACTH is ee = 
this (Cf. Adrenal <— ACTH, p. 334). Yet, this response has also 
asctibed to the “non-specific stress factor’’.22* “a 
_ The intravenous administration of comparatively dilute hemoglobin a mA 
nthe dog elicits a transitory leucopenia with relative lymphocytosis, = a 
leucocytosis and absolute ce was onsidered to pa 
2 s administration 
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Insulin, given in shock-producing doses to mental patien d largely 
polymorphonuclear neutrophilia.*** There usually is a peak 1 at shee 
the fourth hour. This is accompanied by transitory lymphx luring the 
second hour, followed by extreme lymphopenia by the sixth | The eosing. 
phils and basophiles tend to disappear at the time of the maxi cocytosig, 


There also is a slight rise in the red-cell count and hematoc ies.225 AY] 


these changes are rather similar to those produced by othe ord 


Various “macromolecular substances” (colloids, lipid susper is, india ink, 
etc.) cause monocytosis in the rabbit as part of their effect uj he R.ES. 
In animals pretreated with india-ink, tagged monocytes are discharged into 
the blood (even a month after ink injection) by intravenous administration of 


foreign protein.*** This response may well be related to th 
activation of the R.E.S. by the A-R. 


The effect of colloids and foreign proteins on other blood elements has been 
discussed above in connection with the “characteristic” G-A-S response. 


well-known 


Considerable importance has been attached in the literature to the fact that 
nucleic acid, administered intravenously, causes very pronounced leucocytosis 
in various animal species.2*° Disintegration of nuclei as a result of the cary- 
oclastic crisis liberates much nucleic acid during the A-R and this may play 
a role in the resulting white-cell change. The particularly intense neutrophilia 
of extensive suppurations may in part find its explanation in this action of 
nuclear disintegration products, since here, cell destruction (with liberation 
of their nucleic acids) is especially pronounced. 


Intense granulocytopenia has been caused by sulfa drugs **" given in the 
treatment of infections, and by thiourea derivatives **° administered for thyro- 
toxicosis. The mechanism of this response is still unknown, but it is note- 
worthy that granulocytopenia, no matter how produced, is associated with a 
considerable decrease in resistance, especially to infections. It is curious fur- 
thermore that the sulfa derivatives, which proved to be so effective in the treat- 
ment of many infections, should possess a pronounced white-cell-destroying 
property if given in toxic doses. This granulocytopenia is actually the anti- 
thesis of the polymorphonuclear neutrophilia seen in the A-R. However as 
we said in connection with the eosinophilia of the allergies, diametrically 
opposed responses can be produced by the same agent under different con- 
ditions, especially if the end result depends upon the proportion between pro- 
duction and utilization of a cell type. It will be recalled that very severe 
stressors, to which resistance is impossible, also tend to cause leucopenia. The 


relationship between the A-R and the drug agranulocytoses would certainly 
deserve more attention than it has so far received. 


The often reported production of allergies and periarteritis nodosa by sulfa 


drugs is reminiscent of spontaneous “diseases of adaptation”, but the possible 
pathogenic interrelations between these conditions are obscure. 


It is well known that various toxic tissue extracts can produce a non-specific 
polymorphonuclear neutrophilia, often accompanied by reticulocytosi 
been particularly emphasized that the reti e 
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acts, recom treatment of pernicious anemia, is merely 

= extr non-specific ot to the anti-anemic principle.?** 
due aie injected usly or intramuscularly, produces abscesses 
f toc - ition eventually causes a replica of an 
and the Se temic ate type of anemia (as that of spontaneous 
anemia | tions) is pt due to a depression of hemopoiesis during 
hronic infecti eA ially the stage of exhaustion. It should not 

jate hee Sih the hen responses seen in the A-R. 

be confus rethane cause sarticularly pronounced lymphopenia and neutro- 
Jn man, 4 Beaded by neutrophilia and lymphocytosis.”** This effect 
penia, ae a f x-rays and arsenic. It is so pronounced that the drug is recom- 
resembles ¢ he feetment of chronic leukemias, indeed, even here, overdosage 
mended in © Beilocytosis In one case of myeloid leukemia, the neutrophils 
may cause Pe enal under the influence of urethane, but fatal alymphocytosis 


returned to 
ensued.”5?* 

The literature concerning the palliative treatment of experimental and 

ntaneous leukemias with urethane has been discussed in the light of a pos- 
“ible relationship to adreno-cortical function. It was pointed out that urethane 
eiies an enlargement of the adrenals such as is seen during the G-A-S. How- 
ever, since adrenalectomy does not prevent the effect of this drug upon im 
white-cell count, it has been suggested that the adrenal enlargment might 2 
an alarm-reaction to urethane secondarily, but directly the result of the liber- 
ation of proteolytic products by the compound”’.?88 


It is interesting that the marked eosinophilia of mice, fed muscles from rats 
infected with Trichina spiralis, can also be counteracted by urethane. 


Various vesicants (such as nitrogen or sulfur mustards) induce severe leuco- 
penia both in animals and in man. Unlike urethane, these drugs allegedly 
cause a particularly pronounced reduction of polymorphonuclear leucocytes 
and other myeloid elements, with a slight fall in red-cells and almost no change 
in lymphocytes.2*> Others claim, however, that both sulfur and nitrogen apt 
tards cause lymphopenia and neutropenia often accompanied by eosinopenia. 
These discrepancies may perhaps be explained by differences in the exper- 
imental conditions and particularly in the severity of the intoxication. It has 
been suggested that the white-cells may be leaving the body through the gastro- 
intestinal tract which, after intense intoxication with vesicants, shows ulcer- 
ative lesions similar to those produced by other alarming stimuli.** 

Nitrogen mustards have also given satisfactory results in polycythemia vera 
tubra, due to their effect upon eryth 238 but nothing is known concerning 


the possible réle of + 
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plays an important réle in the pathogenesis of various nutritic mias”, I 
would not be within the scope of this volume, however, to analy 
pertinent literature.2*° Suffice it merely to mention a few ob 

are particularly suitable for the illustration of relationships bety 


of malnutrition and the hematologic responses during the G-A-S 


extensive 
ns which 
the stress 


In the guinea-pig, fasting causes polymorphonuclear neutrop! lympho- 
penia and eosinopenia. It was emphasized that this respons¢ ssentially 
similar to that caused by exposure to cold.2#* In man chronic starvation ma, 
lead to the development of a “nutritional anemia’, but this is not always the 
case even if the cachexia becomes severe.74* 

In rats kept on protein-deficient diets, neutrophilia was likewise found to 
be accompanied by lymphopenia; at the same time the red-cell count fell.24 


An often macrocytic anemia was also one of the leading signs of the mal- 
nutrition accompanied by hunger edema among inmates of concentration camps 
during the second World War.2#2 The mechanism of the anemia of starvation 
is incompletely understood, but it has been shown in rats that acute starvation 
depresses erythropoiesis not unlike total-body x-irradiation does.?** 

Granulocytopenia and anemia also develops in rats on riboflavin *“' or panto- 
thenic acid 2° deficiency. At least in the latter case, this is accompanied by 
widespread involution of the thymico-lymphatic tissues. loss of lipids from the 
adrenal-cortex and other manifestations of the G-A-S. Certain vitamin defi- 
ciencies no doubt affect the blood-count by virtue of their specific actions, but 
it is highly probable that in all these instances, the resultant systemic stress 
influences the picture and in some cases the G-A-S response may even be the 
principal pathogenic factor. 

In connection with all of these observations it is well to remember that 
the total white-cell count shows diurnal variations. In man, there are two 
maxima in the early morning and early afternoon and two minima in the late 
morning and during the night, respectively.*4* Both men and women also 
exhibit diurnal changes in the number of circulating lymphocytes. These closely 
parallel the 17-KS excretion rhythm. The count is at its lowest point in the 
morning, followed by a rise through the day and into the night. The pos- 
sibility has been considered that the morning depression may be incident to 
the stress of awakening and taking up daily activities. As in the stress tests, 
psychotic patients showed rather irregular diurnal variations.**7 

During pregnancy — and especially during delivery or eclamptic seizures 
= there is marked eosinopenia in women. This has been ascribed to increased 
corticoid production, but it remains to be seen to what extent the placenta 
itself might also contribute to the elaboration of corticoids.*** 


Stimuli Influencing the Hematologic Response to Systemic Stress. — Hypo- 
physectomy causes anemia in various experimental animals.2*® In the rat, 
for instance, there is a 30% decrease in the leucocyte count, with a correspond- 
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ahi slight decrease in erythrocyte-volume 


mat rit 
ing fall in Sui All th ibly due to partial atrophy of the bone- 
ye -hem Thyroxine anc reatment was found to have beneficial 
marrow tits anemi results being obtained by simultaneous 
effects up’ an both thes 1 rats given a protein-rich diet.°*° 
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iu AGLI continues to exe! al eosinopenic effect after hypophysectomy 


nae mouse > and rat.”” ) | | 
se in lymphocy ' seen in rats after adrenal- 
The “Cee ion is allegedly not prevented by hypophysectomy; it was con- 
ine adminis effects can therefore not be mediated solely by the hypophyseo- 
cluded Be in mice adren line also caused some eosinopenia even after hypo- 
ES but less than in intact animals.2** While some hematologic actions 
aed e are obviously independent of the pituitary and adrenal-cortex 
of eae secondary to splenic contraction), it is highly probable that in 
ae is the hormone also acts by stimulating ACTH and corticoid pro- 
ton on. Additional experiments will be necessary, however, to elucidate the 
ine importance of these two mechanisms in the production of —— 
changes by adrenaline. Systematic, carefully controlled, ob: ervoslane int : rat 
show that (contrary to earlier statements) adrenaline does not cau:e eosinc- 
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penia after hypophysectomy.” 

Hemorrhage causes much less marked eosinopenia in hypophysectomized 
than in intact mice, but since the effect is not completely abolished it canno: 
be exclusively mediated through an ACTH discharge.” 


Severe x-irradiation produces profound lymphopenia even in hypophysect- 
omized rats, presumably due to the direct lympholytic action of these rays.” 


In man, purified ACTH causes marked eosinopenia, accompanied by a less 
spectacular and less consistent lymphopenia and neutrophilia within a few 
hours.57 A similar response to ACTH was observed in the dog ** and rat.” 
The hematocrit values tend to drop for a few hours in man treated with single 
large doses of ACTH (40-400 mg.)*°* though chronic treatment may causc 
polycythemia. Similarly a brief period of leucopenia tencs to precede the 
leukocytosis after a single do:¢ of ACTH in man. The neutrophilia is accom- 
Panied by a “shift to the left’’.?*** 

On the other hand, none of these hematologic changes were observed in 


ddisonians, hence it was concluded that this effect of ACTH is mediated by 
the adrenal-cortex.26° 


and eosinophils 
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EFFECT OF ACTH ON LEUKOCYTES 
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Typical hematologic changes following injection of ACTH in man. 
(After Forsham et al. B17987/48.) 


In animals, adrenalectomy prevents the normal hematologic response to 
ACTH, and particularly the eosinopenia, since this depends upon the discharge 
of gluco-corticoids.2°™ 

In another series of observations, polymorphonuclear neutrophilia with 
relative lymphopenia was seen both in normal and in hypopituitary individuals, 
although in the latter, the polymorphonuclear leucocytosis was subnormal. 
Eosinophil counts were not reported.?*! In some patients with pituitary tumors 
the eosinopenic response to ACTH is deficient,*°!* perhaps because the adrenal 
cortex is too atrophic to react normally to corticotrophic stimulation.2°” 

As judged by the few pertinent data now available, ACTH decreases the 
normally high blood-eosinophil count in Léffler’s syndrome, but not in tropical 
eosinophilia.?** 

In patients suffering from myasthenia gravis large doses of ACTH caused 

a pronounced fall in circulating lymphocytes and eosinophils.?** 
In lymphatic leukemia such treatment also causes eosinopenia but no change 
in circulating lymphocytes.*" This is especially noteworthy since adreno-cortical 
extracts are said to produce lymphopenia and regression of the abnormal 
lymphoid tissue in mice with spontaneous lymphatic leukemia. Hence it was 
suggested “that mouse lymphoid leukemia differs significantly from the human 
variety”’.26 


The eosinopenic response to ACTH, in patients with various types of cancer 
is usually normal.26°* 
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; with complic: perative convalescence a normal eosino- 
- a ACTH 1e) is indicative of a “restoration of the 
adrena osed to col \CTH produced a normal hematologic 
Jn men exp indicating , of the ‘‘cortical reserve” of reactivity, 
response: e. this the s not sufficiently intense.?** 
put perha ate enic effect H is diminished in the pantothenic acid- 
The !ymP S yeaebly | - adrenal cortex is less responsive.** 
deficient rat, ihe patient fluences the response to ACTH. During the 
The age ices days of he eosinopenic effect — and several other 
frst two OF ¢ ACTH are less | onounced than a few days later.2*** This 
actions ~ - hat the adrenal cortex is not fully responsive to stimulation 
would Se dearee f ity. On the other hand, aged patients 
ti] it reached a certain degree of maturity. de id ae eee . 
end to ACTH by approximately the same degree of eosinopenia as young 


its. This is all the more noteworthy since the eosinopenia, caused by 
ens ne injections, is less pronounced in the aged than in the young. 
Presumably the responsiveness of the adrenal does not decline, but the ability 
Reduce endogenous ACTH, in response to stress, is diminished with 


Constitutional and hereditary factors are apparently also of import. In 
certain rats, which are refractory to alarming stimuli, treatment with corti- 
cotrophic pituitary extracts allegedly fails to influence the blood-count, 


tion because many other changes in hormone metabolism could be involved 
during pregnancy. 
pure anterior-pituitary preparations, such as LAP, which tend to produce 

myeloid infiltration in various organs (cf. Hemopoietic System, p- 452). 
likewise cause reticulocytosis.?”° 

Posterior-pituitary extracts also stimulate reticulocyte formation,?™ but 
it is doubtful whether this is a specific effect or merely part of the resulting 
systemic stress, and the loss of blood from gastric ulcers. Vasopressin- 
‘ontaining extracts are especially prone to produce an A-R with intense bleeding 

m the stomach.272 
i any case, the lymphopenia and eosinopenia characteristic of ACTH is 
ue to contamination with poster au 
terior-pituitary extracts | : logic r 
ined with ACTE wey 
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Adrenalectomy has no marked and naenatett effect upon ood-count 
of otherwise untreated animals. although it tends to cause emia and 
lymphocytosis.*"* The interpretation of pertinent data is cor d by the 


fact that this operation causes particularly severe systemic str lamaging 
effect of the surgical trauma being superimposed here upon the | 
To eliminate this complication, systematic investigations were 
rats maintained on an adequate corticoid replacement therapy ome tine 
after adrenalectomy. “The red blood cell count showed a 1 1 ingens 


rticoidism, 
ed out in 


during the first 2 or 3 days after discontinuation of cortin treatment, and 
remained well above normal until death. The large lymphocy the small 
lymphocytes. and the neutrophiles, after small irregular variations, increased 
markedly in number during the 24 hour period preceding death. Reticulocyte 
counts made on the blood of these rats agree with our previous finding that 
after adrenalectomy a great increase in reticulocytes occurs, followed by a 


drop to nearly normal numbers before death.” °° 


To what extent adrenaline influences the blood-count after adrenalectomy 
has been the subject of considerable controversy. It has long been known that 
in the normal animal adrenaline causes marked polymorphonuclear neutrophilia 
accompanied by eosinopenia and lymphopenia. On the basis of observations 
in the cat, it had been claimed that all these responses are inhibited by adrenal- 
ectomy.2” Experiments in the dog showed that adrenaline causes pronounced 
lymphopenia and polymorphonuclear neutrophilia both in intact and in splen- 
ectomized animals, while after adrenalectomy there was a transitory lympho- 
cytosis. If the suprarenal vein of such an adrenalectomized and adrenaline- 
treated dog was connected with the jugular vein of an intact dog, the number 
of lymphocytes in the latter decreased for a period of two hours. This lympho- 
penia was ascribed to hyperactivity of the adrenal cortex.2 In the rat, the 
relative neutrophilia and marked lymphopenia caused by adrenaline under 
normal conditions is absent after adrenalectomy.*** 

Subsequent investigators confirmed that adrenalectomy prevents lympho- 
penia following adrenaline injection in the rat and showed that no such 
inhibition is observed after mere removal of the adrenal medulla. Since hypo- 
physectomy also failed to present this effect (cf. above), it was concluded 
“that at least one effect of epinephrine is to act directly on the adrenal cortex. 
releasing substances which lower the level of circulating mononuclear leuco- 
cytes’.2** According to preliminary observations it was thought that the 
eosinopenic effect of adrenaline is present even in completely adrenalectomized 
rats,*8° but this was not confirmed,?5 indeed, adrenalectomy prevents both the 
lymphopenia and the eosinopenia normally elicited by adrenaline in the mouse 
and rat.2*! Perhaps these inconsistencies will find their explanation when the 
role played by conditioning factors (e.g., diet, heredity, previous exposure 
to stress) are taken into account. In any event, small doses of cortical extract 


greatly augment the eosinopenic action of adrenaline, apparently due to a 
peripheral synergism.*!* 
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nalectomized m is also produced by gluco-corticoid 
_ ae and to ¢ ehydro-corticosterone), but DCA wa: 
(ed ea and test inert.*“* In rats, cortisone, Kendall 
+t, es : 
almost, © Seid cortical ex' osinopenia even after ablation of the 
“en 1 $4a 
3 arenals while DC 
a Addisonians 17-hy« terone causes an increase in circulating 
In hils with lympho eosinopenia, even in the case of severe 
t ct 
eutroP eee but D »s no such effect.2** Cortisone also causes 
Saal wnsulucienty: 
Pe gpels in Addisoniat 
i : 
= Addison's disease und conditions, there is a tendency towards 
Be cytes is with neutropen and a normocytic-normochromic anemia. 
, i" e ‘ 
tae stress, the blood-pi« remains fixed and fails to show the usual 
n e ot o A > 285 
. , oper f the A-R.7* 
Jeucocy tosis and lymphopen! z ; : ; ‘ 
3 which regu! arly causes marked eosinopenia in normal man 
Surgical trauma, ¢ p 
“ . 1 A ie ~ 286 
fails to elicit this response in Addisonians. 


The lymphopenia and neutrophilia normally elicited by hemorrhage, in the 
mouse or rat, is not only prevented by adrenalectomy.?** but even by mere 
adreno-demedullation.”** This suggests that the discharge of adrenaline during 
the A-R plays some réle in the genesis of the characteristic hematologic changes. 


Small doses of x-rays, just sufficient to elicit a sharp drop in blood-lymphocytes 
jn intact mice, are ineffective in this respect after adrenalectomy. Since, on 
the other hand, large doses of x-rays cause lymphopenia both in the presence 
and in the absence of the adrenals, it was concluded that in the latter case. 
the effect is not mediated by corticoids.*** 

The lymphopenia elicited by exposure to cold in the mouse, is not manifest 
after adrenalectomy.**” 


Nervous stimuli, such as the so-called “heat puncture’ of the hypothalamic 
nuclei, cause polymorphonuclear neutrophilia with lymphopenia and eosino- 
penia in the normal cat, but this response (and especially the neutrophilia) is 
inhibited by adrenalectomy.**! In mice exposed to nervous stress(being tied 
to a wire grid), the normally pronounced lymphopenia can be prevented by 
bilateral adrenalectomy.?*? However, in merely adreno-demedullated rats, 
excitement (caused by electro-shock) also fails to produce the normal lympho- 
Penic response. It was therefore concluded that elimination of adrenaline 
Secretion suffices to suppress this effect.*** 
tae prvthrocytosis following muscular exercise is allegedly manifest in the 

og and rat, but missing after adrenalectomy.*** 
ne infectious leucocytosis elicited in normal cats by pneumococcus injec- 
r us ant present after adrenalectomy.*** 
ee vaccine causes sev 
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contrast, the polymorphonuclear neutrophils increase somewh - markedly 
in rats treated with cortical extract of Kendall's “cpd. A” t! | untreated 
adrenalectomized animals.*°° 

Infection with a strain of Trichinella spiralis, which caused « ht edéfage 
philia in normal rats and mice, was entirely devoid of this actio r adrenal 
ectomy. Replacement therapy with cortical extracts restored osinophilic 
response to infection, but since the effect was mild no conc! 1 could be 


drawn.?** 


The lymphopenia caused by anoxia in the dog is not only inhibited by 


adrenalectomy, but even by mere splanchnicotomy. Hence, here again adren- 
aline-liberation appears to be of major importance.**® 

The reticulocytosis and polycythemia produced by exposure to low barome- 
tric pressures in the rat is not prevented by adrenalectomy. “Tt is concluded 


that although adrenalectomy in the rat results in alterations in the red-cell 
production and/or destructive mechanisms, the adrenal is not essential for the 
response of the erythropoietic stress imposed by lowered barometric pres- 
sures.7°S* 

Various drugs which elicit lymphopenia and polymorphonuclear leucocytosis 
in intact animals, are ineffective in this respect after adrenalectomy. This has 
been shown in particular for glucose,*®* choline and pilocarpine.°” 

The neutrophilia and lymphocytosis, usually seen after adrenalectomy in 
the rat, is diminished by large doses of calcium pantothenate’ The mech- 
anism of this inhibition is unknown. 

The leucopenia and absolute lymphopenia produced by urethane were of 
similar magnitude in normal and in adrenalectomized rats. Hence ‘the adrenal 
glands were not involved in these changes in the blood-picture’’.*° 

In view of all these observations, it is perhaps not unreasonable to assume 
that systemic stress can influence the blood-count to some extent even in the 
absence of the adrenals. Yet adrenal hormones (presumably both adrenaline 
and gluco-corticoids) greatly modify this response, especially when — as in 
the A-R — excessive quantities of these compounds are present in the blood. 

While there is considerable disagreement concerning the effect of adrenaline 
in adrenalectomized or hypophysectomized animals (cf. above), data regarding 
its effect in the intact organism are more consistent. It has been shown by 
experiments on the mouse and rat that adrenaline produces the same kind of 
polymorphonuclear neutrophilia, eosinopenia and relative lymphopenia as other 
alarming stimuli.8°* This has been confirmed in man.*°* Since these responses 
are very rapid, they have been ascribed to a redistribution of white cells 
rather than to mere formation or destruction.°°° However, after moderate doses, 
os em ae shows no very obvious variations, radio-phosphorus” 
blood opie : peo are not discharged into the circulation 9°* and simultaneous 

a arious vascular territories likewise fail to reveal any suc 
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7 of blood-c 1} renaline-treated men. Yet, certain in vitro 
jedistsib ie (see below a discharge of splenic lymphocytes 
expe ‘ticipates in this 
also other sympa! igs, and stimulation of the sympathetic 
Severa spem it3e f£. ex ctions upon the blood-count, hence this 
nervous s SMonsidered t adrenergic stimulation, Parasympatho- 
action War allegedls phocytosis with leucopenia, that is, the 
mimetic g 5e.808 It st nt in mind, however, that if the reaction 
reverse ic, the inten luration of the stress can influence the 
s pe irrespective of a cific action. 
es E ftaneous treatment cortical extract diminishes or abolishes the 
, erpopent and polymorphonuc lear neutrophilia normally produced by adren- 
Ee the rato? It was con uded that: ‘the primary factor involved in the 
a a f adrenaline on the lymphocytes seems to be the lowering of the con- 
Bion Ai adreno-cortical hormones in the tissues’. However, in the same 
“sblication it is stated that: ‘it is suggested in agreement with Sayers and 
Sayers that adrenaline increases the consumption of adreno-cortical hormones 


in the tissues and that the lowering of their concentration in the blood leads 
to increased secretion of adrenocorticotrophic hormone which in turn increases 
secretion of adreno-cortical hormones, the latter induce lymphopenia’’.*”° These 
two statements appear mutually contradictory. It is now generally agreed that 
injection of corticoids causes lymphopenia and polymorphonuclear leucocytosis 
in otherwise untreated animals (cf. below). Hence it appears more probable to 
us, that the antagonism between corticoids and adrenaline is merely due to 
the prevention of many toxic adrenaline effects by the former. The eosinopenic 
action of adrenaline is increased by gluco-corticoids.*'™ 

In man “significant eosinopenia has been observed following injection of 
epinephrine and of insulin. This change was exaggerated in patients with 
essential hypertension and diminished or absent in patients with adrenal or 
pituitary insufficiency. Marked eosinopenia has been found after surgical 
operations”. Here insulin and trauma may have acted upon the eosinophils 
through the discharge of adrenaline during the ensuing A-R*" The lympho- 
Penic effect of adrenaline has also been confirmed in patients suffering from 
myasthenia gravis.*!” 

The eosinopenic action of adrenaline is not prevented by complete transection 
of the nervous (and vascular) connections between pituitary and hypothalamus 
in the rat. Hence, the hormone does not appear to stimulate ACTH discharge 
a of a direct action upon the hypothalamus which would be transmitted 

: eaedd through the stalk.*'** : : 
eins. been thought that during the A-R, the liberation of adrenergic hor- 
nals") as ACTH production (cf. Adre- 
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+. aatients with marked eosinophilia, adrenaline ulin whi 
In allergic patient ‘ ; hil ; which 
causes adrenaline discharge) decreases the eosinophil-cou In mice dn 


cle tissue 


which eosinophilia had been previously produced by feedin 
the eosino- 


from rats infected with Trichina spiralis, adrenaline also dect 
phil count, but only in the presence of the adrenals.’ 


adrenaline neutrophilia 
15 


In various infectious diseases the — 
3 
what more than normally pronounced. 


Adrenaline given in small doses which in themselves caus¢ change in 


the white-cell picture was found to produce in urethanized animals “a poly- 
morphonuclear leucocytosis along with a previously existing urethane-induced 
lymphopenia. It is apparent that urethane’s effect on the hite blood cells is 
not restricted to the lymphocytes and that urethane is somehow related to the 


adrenal cortex mechanism’’.*!" 


Cortical extracts cause polymorphonuclear neutrophilia, with shift to the 
left, lymphopenia and eosinopenia in man.*!* Gluco-corticoids such as cor- 
tisone *!* or Kendall's “cpd FE.” 3° are definitely active in this respect, while 
DCA ** and many of its non-gluco-corticoid derivatives *'*® are inert. The 
claim that cortisone fails to cause eosinopenia in rheumatoid arthritics 
requires confirmation. 

Chronic treatment with cortisone tends to cause a polycythemia rubra **” 
reminiscent of that seen in Cushing's disease. 

Cortical extracts also produce lymphopenia, eosinopenia and neutrophilia in 
various animal species **! and cortisone has been shown to cause similar changes 
in the mouse #2!* and rat.*7” 

In clinical lymphatic leukemia, the lymphocytosis could not be markedly 
influenced by cortical extracts.** However, potent cortical extracts diminish 
the eosinophilia induced in mice by feeding them muscle from trichinous rats.*** 

In the isolated spleen of the rabbit, perfused under constant pressure, addi- 
tion of adreno-cortical extract to the perfusion fluid causes an immediate dis- 
charge of splenic lymphocytes. Subsequently however, there is a tendency for 
lymphocytes to disappear from the perfusion fluid. This secondary lympho- 
penia has been ascribed to accelerated lymphocyte-breakdown in the spleen. 
Glucose, adrenaline, DCA and estradiol dipropionate in the doses tested, 
failed to duplicate this lymphocyte discharge from the spleen which was Pro" 
duced by cortical extracts. The addition of cortical extracts to perfused 
thymus, liver or lung does not produce discharge of lymphocytes from these 
tissues.*** 

There is considerable disagreement concerning the hormonal mechanism 
responsible for the polymorphonuclear neutrophilic leucocytosis, the eosinopenia 
and the lymphopenia characteristic of the A-R. However, the data published 
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te are best co! he interpretation that in the final analysis 
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f stre- itary-adrenal-co! i Since adrenaline is particularly effect- 
ary 1, 

he ' eee respect, it is ible that, during stress, an adrenergic dis- 
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ince the spleen is an nt reservoir of formed blood-cells, consider- 
sin tion has been given to the effect of splenectomy upon the hematologic 

nge to Various agent Inder most experimental conditions the spleen 
fe a important role in the variations of the white-cell count produced by 


systemic stress- Thus extensive e xperiments on the rabbit Jed to the conclusion 


that “the sp 

The increase in the total white-cell count elicited in the rabbit by sodium 
arsenite," salvarsan,*"* intravenous injection of hypertonic NaCl or glucose 
solutions,” albumose,**” coli bacilli,’ or hemorrhage*™ develops normally 
after splenectomy in the rabbit. 

The anemia, leucopenia and thrombocytopenia, which normally occurs fol- 
lowing x-irradiation, is greatly diminished (and survival is prolonged) in mice 
whose spleens are shielded by lead.5** However, this is apparently due only 
to the fact that the spleen compensates for the deranged myelopoietic ability 
of the bone-tissue. 

Allegedly, the eosinopenia caused by adrenaline in the rat is prevented by 
splenectomy while the neutrophilia is actually increased.*** However, in the 
mouse, splenectomy did not interfere with the production of eosinopenia by 
adrenaline **° so that the spleen is hardly indispensible for this response. 
Indeed, subsequent experiments showed that even in the splenectomized rat, 
adrenaline produces eosinopenia, although the typical lymphopenic and 
neutrophil response is abolished. “The eosinophil therefore seemed most une- 
quivocally, of the leucocytes studied, responsive to adrenal cortical activity 
alone”.#85* The latter conclusion is justified, since ~ as We have said before — 
the effect of adrenaline upon the eosinophils is mediated by the adrenal cortex. 

On the other hand, the erythrocytosis usually produced by adrenaline or 
pee exercise in the dog and rat is prevented by splenectomy and even by 
a. ee wetion of the spleen or the administration of ergotamine.!** Perhaps 
a. e experimental conditions here employed, splenic contraction played 

est réle in determining the hematologic response. 
tis somewhat puzzling that with the stressor agent one experimentor 
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lymphopenia in otherwise untreated aw rat ice, causes 
lymphocytosis in adrenalectomized animals ee to sv se (fatigue 
by swimming): Conversely, the absolute lymp ocytosis prodt y “Swe 
stress” in intact rats is significantly decreased either by adrei my or by 
splenectomy. It was assumed that corticoids participate in tl actions by 
inducing a splenic lymphocyte discharge. DCA fails to produc iphocytosis 
in swimming adrenalectomized rats, while cortical extract 1 in gluco- 
corticoids) treatment is highly effective in this respect. It is apy nt that the 
lymphopenic activity of adreno-cortical hormones would tend to counteract 
the effect of the splenic reaction upon the circulating lymphocyte level and that 
the resulting effect would depend upon the magnitude, latent period and dura- 
tion of these opposing reactions”.*** It is perhaps also conceivable that the 
end result would depend upon the proportion between the degree of stress and 


the amount of corticoids present. The lymphocytosis-producing and lympho- 
penic effect of gluco-corticoids may be conditional upon the simultaneous 
action of other metabolic changes produced by stress. 

Blockade of the reticulo-endothelial system does not influence the leuco- 
penia induced by coli bacilli in the rabbit.2*8 Hence, the phagocytic power 
of the macrophage system is dispensable for this response. The lymphopenia 
elicited by glucose is not influenced by thymectomy in the rat.889 Presumably 
this lymphatic organ is not essential for the disappearance of circulating 
lymphocytes, although it undergoes such marked changes during the A-R. 

A possible participation of the liver in the hematologic response to stress 
was suggested by Japanese investigators who claimed that the leucocytosis 
produced by a variety of non-specific damaging agents does not occur in 
animals bearing an Eck-fistula.*° 

Thyroidectomy also fails to prevent non-specific drug-leucocytosis.* 

We have already mentioned the fact that nervous stimuli are particularly 
active “stressors” conducive to rapid changes in the white-cell count. We 
have spoken of the possible rdle played in this connection by a hypothetical 
“leucocyte center” in the hypothalamic region.*** The nervous regulation of 
hematologic responses has been extensively reviewed elsewhere.24* Lympho- 
cytosis has been ascribed to parasympathetic, polymorphonuclear neutrophilia 
to sympathetic stimulation.*** It has also been claimed that after high tran- 
section of the spinal cord, non-specific drug-leucocytosis fails to occur,** 
and many observations suggest that brain-stem anesthetics prevent such hema- 
tologic responses.*#° 

On the other hand, there is considerable evidence to show that nervous 
mediation is not an indispensable prerequisite for ACTH discharge during the 
G-A-S. This has been discussed, in connection with various other manifesta- 
tions of ACTH secretion, in other sections of this book. As regards the hema- 
tologic results of gluco-corticoid secretion, it is pertinent to mention here. 
however, that transection of the stalk does not prevent the typical alteration of 
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dcount following the 3 ration of adrenaline and insulin or after 
+ plod’ Furthermore, th penia elicited by alarming doses of formal- 
ua Ae revented by << - sympathectomy in the dog.4” Destruction 
gehyde A othalamic 0u¢ lei he other hand, appears to block this response, 
of some . not yet quite ¢! ich nuclei are involved here.*** 
althoud £ the extensive | concerning the nervous regulation of the 

In view Sein it is importa te that if, in a pair of parabiotic rabbits. 
plood-cor develops leucocy lowing air insufflation of the brain ventricles, 
one a ucocytosis Wi { > a few minutes later in the other twin. This 
the same /€ sidered as definite j coof that regulation of the white blood count 
tas beet “humoral substances (the so-called “leukopoietines”).*** (Cf. also: 
Parabiosis, p- Pl. . : ria “ 

Liver extracts containing the anti-pernicious-anemia factor, tend to cause 


-eylocytosis, especially in pernicious anemia,” but in certain species (e.g., 
aged even among healthy individuals. This is obviously a specific 
y of the anti-pernicious-anemia principle. It has been emphasized, 
however, that the response must be viewed critically before a specific action 
of a liver extract can be deduced from tests on healthy animals, since “the 
number of circulating reticulocytes in the guinea-pig increases after a variety 
of physiological disturbances’’.*°° Reticulocytosis is certainly also a character- 
istic response to non-specific stressors during the A-R (cf. above). 


The role of the liver in the regulation of hematologic responses to non- 
specific stress, is further indicated by observations in rats in which granulo- 
cytopenia was produced by protein-deficient diets. Here the administration of 
an anti-anemic hepatic extract inhibited the fall in neutrophils.** 


Folliculoid hormones cause marked, often fatal, anemia in certain animal 
species, but in man they are comparatively ineffective in this respect.°%? In 
the mouse, in which the erythrocyte number is likewise not much altered by 
folliculoids, these hormones cause marked lymphopenia and a transient rise, 
followed by a persistent decrease in neutrophiles. Pretreatment with folliculoids 
does not influence the leucopenic response of mice to x-irradiation, but appears 
to protect them against the red-cell destruction caused by the rays.5 It is 
not known whether these effects are dependent upon the stressor effect of the 
folliculoids. 
it In the rat, folliculoids do not change the erythrocyte-count significantly, but 
; given conjointly with LAP (which in itself is also ineffective in this respect) 

ey cause a severe anemia and icterus.5°™* 

ae various drugs influence the blood-count due to their stressor effect, 

ready been mentioned in the preceding pages: Let us merely emphasize 
oe Bic y 
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folliculoids and mustards, possess especially marked leuc lestroyin. 
actions. They counteract the leucocytosis characteristic of cert ges of the 
G-A-S and are even useful in the treatment of leukemias.** 
the non-specific anemia of infec n this 


Cobalt not only prevents 
but actually reverses it so 


manifestly a conditioning factor. 
In relation with the possible adrenergic component invol\ the scum 


that polycythemia ensues."** In pect it is 


duction of hematologic responses during the G-A-S, it is of sl iigenent 
that dibenamine increases the lymphopenic effect of tournique ock in ihe 
rat28® This shows that elimination of a dibenamine-sensitiv: vous factor 
cannot prevent this characteristic A-R response. 

The stressor effect of inadequate diets has likewise been discussed in the 
preceding pages. However, it may be well to mention certain data illustrating 
how nutritional factors can affect the normal hematologic response to stress. 
Thus the granulocytopenia, caused by protein deficiency in the rat, can be 


compensated by the administration of pteroylglutamic acid or a mixture of the 
essential amino-acids. It appears that here a lack of pteroylglutamic acid is 
involved in the pathogenesis of the granulocytopenia and that the rat can 
synthetize this food factor from the essential amino-acids.*** 

Pantothenic acid also appears to participate in the hematologic response to 
stress. Rats respond with a subnormal lymphopenia in the “swim test” if they 
are kept on diets deficient in this vitamin. Since pantothenic acid exerts impor- 
tant effects upon the adrenals “these results are interpreted as a reflection of 
the changes in the adrenal cortex induced hy pantothenic acid deficiency” .*%* 

When two animals are joined in parabiosis, and one of them is x-irradiated 
while the second is protected, both develop transitory leucocytosis followed 
by leucopenia. Indeed, even if the parabiotic union is severed 20 minutes 
after irradiation of one twin, typical blood-changes still ensue in both animals. 
From this it has been concluded that the hematologic changes caused by 
x-irradiation are mediated through a humoral factor, but the identity of this 
agent — particularly its possible relationship to the adrenals — has not been 
investigated. The hematologic changes induced by neurogenic stimuli (cf. 
above) are likewise transmitted from one parabiont to its twin. 

The réle played by heredity has been emphasized on the basis of experiments 
on certain rats, which are allegedly refractory to alarming stimuli. In these: 
pdiny Siem boar vata or even anterior-pituitary extracts, appar- 

nce the blood-count, while corticoids are effective.*”! 


Blood Diseases of Adaptation 


” My ne ane about the réle of systemic stress in the pathogenesis of 

~ ma eel : : will suffice merely to point out a few conditions i= 

— nts of the G-A-S appear to participate. This is done mainly 
order to encourage further research along these lines. 


Anemias. — i i j 
remia, are eae sn a emias, especially those accompanied by hypofer- 
y related in some manner to systemic stress. In the preceding 
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Acute granulocytic leukemia. — A. After 2 days of ACTH (50 mg./day). — B. One week 


after stopping ACTH. — C. One month after stopping ACTH. 
(After ©. H. Pearson, N.Y. Acad. Med 1950, in press.) 


pages we mentioned the so-called anemias of infection, intoxication, malig- 
nancy, malnutrition and the “anemia infantum pseudoleukeemica’. In all these. 
the manifestations of the anemia are very similar although the eliciting agent 
differs. Presumably conditioning factors (heredity, age, diet, previous exposure 
to stress) are most important in determining whether a non-specific anemia 
will develop upon exposure to stress. If anemia ensues such factors can 
undoubtedly also modify its manifestations, but the fundamental mechanism 
appears to be essentially the same. 

In some anemias psychic [actors appear to be of pathogenic importance." 
Urge occurrence of anemia in Addison's disease suggests that lack 
ee seriously impedes blood formation, especially since in this case 
oe therapy restores the blood-count towards normal.’ In the sense of 
ee ap this would be a “primary disease of adaptation” due to a defect 

ee, . systemic adaptation. 
during A Cra, certain hemolytic anemtas 

Pol testa — 
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may undergo marked remissions 
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_ B. After 24 days of ACTH, 100 


Chronic lymphatic leukemia. — A- Before treatment. 
(After Pearson et al. B46975/50.) 


mg./day. 


that the same is true of the hemopoietic and lymphopoietic organs. Clinical 
hypocorticoidism is often associated with lymphocytosis as well as an 
excessive development of the lymphatic organs; hyperthyroidism can also exert 
rather similar effects.* Since both the corticoids and the thyroid hormone par- 
ticipate in the G-A-S mechanism, it is suggestive to assume that they may also 
play a part in the genesis of certain leukemias. This view is further supported 
by the many observations (cf. above) which show that lymphopenia and 
neutrophilia are produced by ACTH and by various gluco-corticoids. 

Be etbility to transplantable leukemia is greatly increased by adrenalec- 
inn y in mice #* and rats.*” Conversely, transplantation of additional adrenals 

© rats decreases their sensitivity to this type of leukemia.*° 


Acute lymphocytic leukemia, resi ; 

21 days of ACTH (50 my feey|. Note ae eer «Ay Belo treatment. — B. After I 

one week of ACTH administration. at shrinkage of liver and spleen had occurred after i n man, acute lymphatic leukemias may show prolonged remissions upon 
(Courtesy of Dr. ©. H. Pearson-) teatment with cortical extracts,‘ but this is not always the case.** Particularly 


ee it is feadinabie io eacunie that.an exces eae results have been obtained in the acute, lymphatic leukemias of 
EGA aperagpelinegaemggil pte hematologic change. It remains to a with ACTH, but it re q e seen whether such remissions can 
polycythemia vera rubra. is involved in the pathogenesis © ee In cnsuaaas | 
PR cd cerdceremat “ the shock-phase of the A-R is unrelated to these . : 
st as definitely been shown to result merely from hemoconcentra- 

Leukemias. — We have already seen that the white-cell count is marked 


influenced by the G-A-S. Later in this book, we shall present data indicating 


® Hench et al, B27892/49. 
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Chronic lymphatic leukemia. ~ A. Before. — B. After ACTH therapy. 


(Same patient as shown in previous picture.) 


ane = of i leukemias of man, there are no manifest indications of hypo- 
pens "5. snes the same is true of rheumatoid arthritis. It may well 
; a * ot these conditions the derangement is not the direct result of 
ine or yper-corticoidism, but that its development is merely enhanced by 
Dea galore in the gluco-corticoid:mineralo-corticoid balance. In these dis- 
. bagi nacs ioe of the G-A-S mechanism, and particularly a malfunction 
a nae Nt is lame not the main pathogenic factor, it merely 
eates isposition for a disease whos inci ity? 
By een ?) is still unknown. il pots amiall peer 
Be pag oid i a also caused remissions in clinical lymphatic leuke- 
A “i pay well be due to their marked direct lympholytic action. 
i nanwiaby ai ng have already called attention to the fact that 
ew hale y ce -R marked leucopenia tends to ensue, especially if the 
psi ye nable to resist the stress (cf. above). Agranulocytosis can occur in 
oct : 30 en oe influence of a variety of apparently quite unrelated 
ors, such as drugs, allergens, physical ppears sul 
excessive utilization of the cranclocytee Aa fate en 
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lags behind their consumption for defensive 
1asized that agranulocytosis is not a disease 
-ristic symptomatology other than the usual 


duction of new 
ore fo! y my} 
ie, It has there 
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purP itself; it has nm 
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entity m mplications whicl jue to the body's inability to defend itself against 
septic © <3 There is 10 hat ACTH and gluco-corticoids can raise the 
ee ocyte count, but th ticipation in the pathogenesis of agranulo- 
gran fae not yet been ly examined. However, at least in one case, 
cyrsone caused an immedcia emission.™ 


Theories Concerning the Participation of the 
Blood-count in the G-A-S 


Regulation by specific metabolites. — Several investigators expressed the 
view that certain specific u etabolites, liberated during the shock-phase, stim~- 
ulate leucocyte formation. Presumably, such blood-borne agents may also play 


a role in other hematologic responses during the G-A-S.* Allegedly blood taken 
during the shock-phase possesses the property of increasing the leucocyte count 
in normal animals." 

Although none of these blood-count regulating substances has as yet been 
isolated in pure form, some of them have been designated with such terms 
as “neutrophilins ’.® “leucotaxin’’,® “leucopoietins’’,'° “leukerethin’,"! etc. 

It is noteworthy, however, that in the hands of some investigators, blood 
taken from animals at the peak of the leucopoietic reaction causes no leuco- 
poiesis when injected into other individuals.'* 

In recent pertinent experiments, leucocytes were obtained in large numbers 
by introducing a considerable amount of physiologic NaCl solution into the 
peritoneal cavity of rabbits. Intravenous administration of cells so collected. 
or of an ether extract of them, produced marked leucopenia. It was assumed 
that this is due to some special leucopenic factor contained in leucocytes.’® 
It must be kept in mind, however, that a phase of leucopenia is characteristic 
of the A-R, hence any toxic tissue extract would produce it. 

It is highly probable that some blood-borne factors (and certainly the adrenal 
hormones) can affect the blood-count during the G-A-S, but much further work 
will be necessary to elucidate the possible participation of the above-mentioned 
special leucopoietic and leucopenic metabolites. 
es regulation. — Surgical lesions, located in the region of the thalamic 
a epee amic nuclei, cause leucocytosis in various animal species. Hence 

ch work has been done concerning the possible existence of a special 
cucocyte center,'4 
assu orts have also been made to codrdinate the nervous theory with that 

ming the existence of special blood-count influencing metabolites. It was 
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(a Exit jeucocytosi -ss is produced through stimuli exciting 
Se STRESSOR jssume sevte center whic icts by causing liberation of leucopoietic 
a Conditionin the ot It must be adi c von bea apart from the observation 
: SS Gonar g gubst@ a brain lesions < leucocytosis — much of this literature is 
——_= that ea ie 
highly Pca the hypothal: ters may affect the blood-count through the 
; vy a of ACTH and oids but this will be discussed below. 
. ot ‘ffect of adrenergic bstances (cf. above) upon the blood-count is 
al established. Since thei juction is largely under nervous control there 
00 doubt that at least t of the blood-count regulating mechanism 
fens upon neurogenic sti ‘uli, but we shall discuss this aspect of the prob- 
jem under the next heading 
ystem. — Before attempting to interpret the 


Conditioning ithe Hypophysis-Adrenal S 
hematologic responses to non- specific stress on the basis of the G-A-S concept, 


it should be clearly stated that available information is insufficient to propose 
a theory which could explain all the known facts. Nevertheless, it may be of 
heuristic value to examine how far the observed data fit into the general con- 
cept of the non-spe 

For the actual observations upon whic 


wader is referred to the preceding pages. 
As we have stated before, it is not known how a stressor affects the hypo- 


thalamic centers and the anterior-lobe. It is undoubtedly true, however, that 

exposure to stress leads to an autonomic response with stimulation of the 

splanchnic nerves and a subsequent discharge of adrenergic substances (adren- 

aline, nor-adrenaline). These can influence the blood-count, even in the 

absence of the pituitary and adrenal, presumably due to their effect upon the 

hemopoietic organs, and the distribution of blood cells between the reservoirs 
Conditioning and the circulating blood. Less is known about the direct effect of autonomic 
nerves other than the splanchnics, probably they can also influence the blood- 
count through essentially similar means. 

Itis quite certain, on the other hand, that an 
{rom the anterior-lobe. This leads to increased production of gluco-corticoids 
which exert important effects upon the blood-count, in particular: lymphopenia. 
*osinopenia and neutrophilia. These actions presumably depend not only upon 
aredistribution of blood elements, but also upon the actual destruction of some 

phocytes and perhaps also of eosinophils. 
Re corticoids so produced tend 
. Da the “compensatory atrophy” phenomenon, 
Sts, Y not so great as to prevent a rise in the blood- 
ete know that adrenaline, discharged under the 
ulation, can act back upon -lobe | 
“tging effect of the 
soutse not all 


cific defense reaction to stress. 
h this interpretation is based, the 


Nerves 


y stressor will discharge ACTH 


to diminish ACTH production 
but this inhibition is 
corticoid level during 


Hormones 


on influence of the splanch- 
an to the ACTH- 
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We have already mentioned in previous sections tha a 


factors 
can aggravate or mitigate the effect of a given stressor at ©-pituitary 
level. Let us add here that certain stimuli — particularly nerve itationial 
tends to activate more markedly the vegetative centers and 1utonomic 
nerves than the ACTH-corticoid mechanism. Hence adrene substances 
and corticoids are not necessarily always produced in set proportions, The 
hematologic effects of adrenergic substances are not identical with those of 
the corticoids. Therefore certain differences in the hematologic response to 
stress may depend upon the relative proportion of adrenergic and corticoid 
substances produced during the G-A-S. 
The ACTH discharge from the pituitary depends upon the often discussed 


conditioning factors (e.g.. age, heredity, diet, availability of ACTH stores, 
previous exposure to stress, the blood-concentration of adrenaline and cor- 
ticoids). 

The response of the adrenal itself is in turn dependent upon factors con- 
ditioning the discharge of corticoids. These are essentially the same as those 
effective at the pituitary level, but the blood-sodium and blood-glucose con- 
centration also appear to act directly upon the adrenal-cortex and modify 
its response to ACTH (cf. Adrenal — ACTH, p. 346). Nothing is known as 
yet about factors which may modify the response of the adrenal-medulla to 
splanchnic stimulation during stress. Autonomic blocking agents could ob- 
viously do so, but we have no reason to believe that such compounds arise 
endogenously during stress. 

Finally, conditioning can occur at the post-adrenal’ level. The availability 
of the various blood cells in the reservoirs (spleen, lymphatic organs, bone- 
marrow) and the above-mentioned peripheral antagonism between gluco- 
corticoids and adrenaline (e.g., the former cause lymphopenia, the latter 
lymphocytosis), are but a few examples of this type of effect. 

It has not yet been shown that during the G-A-S, hematologic changes 
may also occur due to variations in the formation of anti-pernicious anemia 
factor or other principles which are independent of the pituitary-adrenal 
system, although this possibility should be kept in mind. Specific peripheral 
effects (not mediated through the hypothalamus-hypophysis-adrenal system) 
of certain stressors (e.g., x-rays, radioactive elements, urethane, nitrogen 


mustards) can undoubtedly modify the typical hematologic response during 
the G-A-S. 


Summary of Observations Concerning the Participation 
of the Blood-Count in the G-A-S 


The most characteristic features of the hematologic response during the 
-R appear to be neutrophilia, lymphopenia and eosinopenia. If the stress is 
very severe and hemoconcentration ensues, the hematocrit values and the 
erythrocyte count rise above normal. 

Much less is known about the changes typical of the later phases of the 
G-A-S. Some lymphocytosis often follows up initial lymphop 
although the neutrophilia tends to continue, es f the stressor 
inflammatory changes or fever. The eosin h si 
changes unless the stressor is an allergen; in that ev 
ensues. Both the eosinophilia and the neut 
must be regarded as specific effects super: 
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little is known the blood diseases of adaptation. Certain 


aAsye ecially those a inied by hypoferremia, appear to be related 
anemias: we They ar ly known under such names as the anemias 
to the G- j ‘jntoxication nancy, malnutrition, ete. The anemia ot 
ot Te cisease suggest lack of corticoids may interfere with red-cell 
Addison § The accompan ymphocytosis intimates that excess production 
formation. tes may result from hypocorticoidism. 
‘af jymphocytes ases of hy rticoidism (e.g., Cushing’s disease) there is 

Conversely, in cases 


yme neutrophilia. These changes can be duplic- 
\CTH, but only in the presence of functional 
Js. Hence these actions are presumably mediated through the supra- 
ee tex This view receives further confirmation from the observation 
am a cticoids also produce similar hematologic responses, even in Addi- 
tae Be iante or adrenalectomized animals. 
nde Se eeidism due to disease, the administration of ACTH or gluco- 
ef steatment, also increases the erythrocyte count, hence it is probable 
tain types of polycythemia may be caused by an increase in the pro- 


~ onenia, lymphopenia « 
iy the administratior 
a 


i -corticoids, 

rie ame concerning the possible réle of the G-A-S derailments in the 
pathogenesis of the leukemias. However, ACTH and gluco-corticoids - 
effective in certain cases. In these diseases, a derailment of the cae bea - 
anism, and particularly a malfunction of the adrenal-cortex, is ser not 
the main pathogenic factor. It merely creates a predisposition for the one 
The theoretic interpretation of pertinent data must be concerned with the 
possible utility of the hematologic changes during defense and the mechanism 

through which they are regulated. ab 
It is probable that the neutrophilia is useful because the polynuc ear leuco- 
cytes help defense through phagocytosis. The leucopenia and eosinopenia may 
be due to increased utilization of these cell types which presumably contain 
substances useful for humoral (serologic) defense. The erythrocytosis might 
represent an excessive defense measure planned to furnish adequate oxygen 
carriers for the increased metabolic needs during emergencies; it would also 
help to protect against loss of blood which so often occurs during stress situa- 

tions. 

As regards the mechanism through which hematologic changes are elicited 
luring exposure to stress, adrenergic and gluco-corticoid hormones appear to 
of the greatest importance. Through unknown pathways stress acts upon 
“3 hypothalamic centers of the vegetative ae pine aoe SS 
= in i edulla throu e . 
pulses are carried to the adrenal m ee oon 
. hemoconcentration). 


can also further stimul. 
arges ACTH duri 
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of adrenal hormones (adrenergic and corticoid) and the resp: ess of the 
peripheral target organs (circulating or stored blood-cells vietie. amd 
blood-destroying tissues) depend very considerably upon con ng factors 
such as heredity, nutrition, specific actions of the stressor, et is mainly 
due to such differences in conditioning that, through the same 1 ism, expo- 
sure to stress can produce varying hematologic changes under di nt ainege 


stances. 
ERYTHROCYTE RESISTANCE 


Up to the present, no special studies have been publishe: concerning 
possible changes in blood-corpuscle resistance which might be characteristic 
of the G-A-S. 

The fragility of erythrocytes placed in hypotonic solutions of saline has 
been studied in a series of spontaneous diseases, but according to current 
opinion, the only condition in which this test is of diagnostic importance is 
familial acholuric jaundice, where it is often greatly increased. In various 
types of anemias there is usually a tendency for a diminished erythrocyte 
fragility. Furthermore, a number of compounds of the “vitamin P” group 
which increase capillary-resistance simultaneously diminish red-cell fragility.* 

It is perhaps worth mentioning, in connection with the possible effect of 
stress, that after heavy overdosage with insulin and during anoxia erythrocyte 
fragility is allegedly increased in dogs.* In man exposed to high altitude 
anoxia, red-cell fragility is often also increased. However, even very intense 
muscular exercise appears to have no consistent influence upon red-cell fragil- 
ity, as indicated by observations on athletes. Numerous observations on 
patients suffering from various types of surgical and medical shock likewise 
revealed no change in blood-corpuscle resistance which could be definitely 
ascribed to non-specific stress.® 

It is particularly interesting, in relation to the concept of the diseases of 


adaptation, that experimental renal hypertension in the dog results in an 
increased erythrocyte fragility.” 


5 Jokl 79702/31. 
® Palmer 95299/46. 
7 Ellis et al. B47127/50. 


1 French and Douthwaite 99226/45. 
® Parrot and Gabe B23309/47. 
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ERYTHROCYTE-SEDIMENTATION RATE (E. S. R.) 


_The erythrocyte-sedimentation rate (E.S.R.) depends on a variety of con- 
ditions, but perhaps principally on the protein, and especially the fibrinogen. 
content of the plasma. In any case, experience shows that usually, the E.S.R. 
is most markedly increased when the blood-fibrinogen content is high." 

Special studies concerning changes in E.S.R. which are characteristic of 


the G-A-S, have not yet been publi i 4 
the i published. H 1 
indicate — indeed one might say definitely pa eee 


systemic stress accelerates the E.S.R. It has long © 
that there is an increased sedimentation-rate wher 
down: with infective, toxic or neoplastic processe 
operations and fractures of bone”’.2 


that acute, non-specific. 
nown to clinici 


* Ham and Curtis B24137/38, 


ERALITIES 443 


Ree soin _ the chief value of the E.S.R. lies in indi- 
diagnostic pe f : 5 sis 
From 4 te of progres chronic diseases such as rheumatoid arthritis, 
; e ra : ‘ te ; iti 
cating  vhritis, cheumat! r, etc. Whenever such conditions take a 


thisis. for the wo S.R. increases, allegedly as a result of 
‘dd tur ue breakdo for this reason that the most experienced 
increased tiss S ESR. «: jered it a valuable indicator of the “activity” * 
students of | potential” | 11 evolutif’’) of chronic diseases.* 

‘pyolutional po 


oF increas acute diseases, but even in lobar pneumonia, 
The ESR. a ees : -bruptly, it takes several days to reach its 
where i oe of thi icy period, the E.S.R. is less valuable in the 
oe of acute diseases. 
sR has also been o! considerable assistance in assessing the efficacy 
ee +n patients suffering from chronic diseases (e.g., tuberculosis, rheum- 
ee. ihritis), “since it frequently is the last non-specific laboratory 
a Rsstin to normal in these infections, it has been a sensitive index of 
tes 
H activity’. 
Be ine Rice hand, a decrease in the E.S.R. below pein ed ee 
been observed in spontaneous diseases, and was ae t to o sites 
diagnostic significance." Interestingly some hypernephromas greatly 
Gee ees 
Bes the A-R stage of the G-A-S, tissue breakdown is a bso 4 
therefore not surprising that observations in animals and man revea i m : 
rise in the E.S.R. after exposure to such alarming stimuli as gene agonccnl 
xrays,” burns,"' intravenous injection of hemoglobin and es macro: 
molecular substances,’* exposure to cold,!® forced muscular work. sini 
All these observations show that, at least during the A-R stage, the * -R. 
tises, Observations on patients with chronic diseases suggest ca uring 
the stage of resistance the values return toward normal, while in the stage 
of exhaustion there is apparently a secondary increase. ae 
Among the stimuli influencing the ES.R. during the G-A-S, the Ln 
are important. It has been shown in patients suffering from rheumatoid arthritis, 
that both ACTH and cortisone can considerably decrease the previously in- 
creased E.S.R. This change occurs simultaneously with a marked improve- 
ment in the clinical condition." =e 
Our animal experiments revealed, furthermore, that the corticoids ee 
only affect an abnormal E.S.R. but that mineralo-corticoids (such as ee 
accelerate, while gluco-corticoids (such as cortisone) considerably gipinich = 
SR. of normal rats. ACTH — which causes a predominantly gluco-cor eee, 
"ype of response — acts essentially as the gluco-corticoids themselves. 
From these observations it has been concluded that there 
een mineralo- and gluco-corticoids 4 ; 
ig... exists between these two : 
Pon many other targ: 
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444 BLOOD SLUDGING 
; ar although their n in systemic defense has not yet been 

; BLOOD SLUDGING he -. 7 “tn any event pro me by stress — and even changes 

. : ; uciaas ial blood-co1 ring the G-A-S — may partly depend upon 

rf Extensive capillaroscopic cra ee have os a that. man and : the diferentia nt of certain white-cell ca bit fis oh 
in experimental animals, under the influence o traumatic njuries, burns. the more OF Seats Rano reetuce: key (Glia a eo 

a infections, intoxications and many spontaneous diseases, the od cells in culation. due to 
j the capillaries tend to agglutinate into irregular clumps (not ‘rouleaux” forma- ee 
tion); this changes the blood from its normal relatively fluid state, to a cip- 
i culating sludge. The resulting hard masses resist passage through the capil- BEDING-TIMI - BLOOD-CLOTTING, PLATELETS 
laries, consequently, capillary blood-flow is slowed down, causing “endo- BL , 

} thelial anoxia of the staqnant type”. Eventually, the post-capillary venules Blood clotting depends both upon the formation and upon the removal o: 
begin to leak, so that the hemoconcentration increases and finally, thrombosis q material. Contemporary opinion concerning the underlying mechanism 
may ensue. All these changes occur most readily near the site of direct injury a Summarized thus: | 
(e.g. trauma, burn), but if damage is severe, they may aftect most of the may ee 
capillary territories in the body. In man this phenomenon of blood sludging a _ f 

a can be readily studied on the bulbar conjunctiva.’ Clot Formation Clot Removal 

It is very probable that sludging of blood is a major factor in the develop- Half of blood coagulation is concerned The mechanism provided for the removal 
ment of shock, for instance after thermal burns,? and perhaps even in the | with clot a Babibitors petite as eight et etgensly. ap Jabebties: et 
HT formation of post-operative thromboses and embolisms.* Blood sludges have ae he — * probably serves other metabolic func- 
ee also been shown to cause plugging of renal glomeruli; hence, they may be the | ola ; tions. 
ih cause of post-operative and post-traumatic kidney injuries.* PROTHROMBIN PROFIBRINOLYSIN 
1 There is no close relationship between the coagulability of the blood and 
‘ih the phenomenon of blood sludging, as judged by observations on anaphylactic | Calcium Fibrinokinase 
and peptone shock. It has long been known that during these latter condi- Thromboplastin 
eh tions, a thin membrane of fibrin tends to be deposited on the inner surface of a 
an capillaries, to which clumps of formed blood-elements adhere.* Yet, at least ST 
, in the case of anaphylactic shock, some relationship between the derangement Platelet derivatives 


in capillary circulation and blood clotting does appear to exist, since numerous 


(iter factors Other factors 
investigators claimed to have prevented anaphylactic shock by administering 5 
heparin between the sensitizing and the eliciting dose of the antigen.® Inhibitors of Inhibitors of 
ee (e.g., heparin and dicumarol) ‘‘may cause some diminution activation sche au 
\ in the tenacity of the adherence of the blood cells to one another, but sludge i e 
formation as such is not prevented”.? On the other hand, observations on >) co THROMBIN FIBRIN FIBRIN BRNO ESS DERIV- 
severely burned patients show that transfusions — of saline, glucose, plasma or = THROMBIN CLOT aed FIBRINOLYSIN ATIVES 
whole blood — tend to break up the agglutinated masses of blood sludges. + 
while they exert their beneficial effect upon the patient’s general condition.® | : F ; Anuibrdolvatn 
; = . ; : - ithrom 
Adrenaline administration and sympathetic stimulation proved highly eftective ee omtin ils 
in causing blood-sludging in the cat; hence it was concluded that this must also 
occur whenever stress (e.g., nervous stimuli) elicits an adrenergic discharge.” Inactive thrombin Inactive fibrinolysin 
Something like blood-sludging may also affect the leucocytes more or less ce | 


selectively. Pertinent observations were made on the behaviour of leucocytes 
as seen in the blood vessels that had grown in transparent chambers inserte' 
into the ears of rabbits. Intravenous injection of various toxic substances 
caused the leucocytes to become sticky and to adhere to the vascular endo- 
thelium or to each other. Simultaneously, there was profound, systemic leuco- 
penia presumably because white-cells were tem orarily kept out of the cir 


: ip! 
culation.” Such changes are obviously non-specific and we 
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A diagram representation of blood-clotting 
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diy rises after exposure to any 


% * iSiNg exces. 
h as x-irradiation, non-specific p 


nherapy and 


trauma, but in the latter instance, a preliminary fall preced 2 rise. This 

was ascribed to a greater tendency of platelets to agglut into clumps 

following trauma than after other stimuli causing tissue destruc Following 

exposure to a variety of stressors, including traumas, platelet agglutination runs 

approximately parallel with the E.S.R.° This also suggests that the change is 
-specific. 

ees a which shock was produced by trauma, the blood-clotting time was 


diminished and the chief change noted in the clotting system was the more 
rapid activation of prothrombin." 

Hemorrhage is particularly effective in accelerating clot formation,’ but 
it is very probable that here the response is largely due to a specific defense 
mechanism against loss of blood.® Curiously, in severe hemorrhagic shock 
the prothrombin-time becomes progressively prolonged (while the plasma- 
fibrinogen decreases). Perhaps we are dealing with a biphasic response in 
that blood-clotting is accelerated under the influence of mild stress, but dim- 
inished in the case of severe damage. The underlying mechanism is not clear. 
Acute vitamin-K deficiency has been considered on the assumption that during 
“shock” there is an increased demand for this vitamin. Another explanation 
could be that the prothrombin is destroyed by the proteolytic enzymes formed 
during shock.!® 

Following extensive burns, thromboses and embolisms of vessels are quite 
common, but consistent changes in the blood-coagulation time have not been 
observed. Apparently, depending upon conditions, the blood-clotting time 
may be normal, increased or decreased. This again suggests that the effect of 
stress on the coagulability of the blood depends upon many conditioning 
factors. Of course, owing to the direct action of heat or of secondary infec- 
tions at the site of injury, local thromboses often occur in burned patients: 
these may secondarily lead to embolisms and thromboses elsewhere, but this is 
not directly related to the G-A-S.4 

In man suffering from heat-stroke, and after artificially induced fever, a 
fall in the platelet-count was noted by several investigators.12 The prothrombin- 
time is also frequently prolonged upon exposure of patients to extreme heat.” 
The bleeding-time was found to be slightly or moderately increased in most 
patients suffering from heat-stroke and, in very severe instances, there may 
also be a considerable delay in clotting-time.14 ; 

Exposure to cold was accompanied by a decrease in blood-clotting time in 
rats, while other typical manifestations of the A-R developed." 
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f stress . radiations set comparatively specific. Yet, allegedly, the 
ionizing Teh" 6 ; 
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A-R mechanism also plays 
: “The underlying mecha! 

however: that there 
ot delay in blood-« 


ompletely understood. It has been pointed 
se relationship between the platelet-count 
ilthough an at least transitory diminution 


and the Jatelet-count occ e regularly.’ Some authors nevertheless 

Ey that thrombocyt is the cause of impaired coagulability ™ but 
ume S | . thenw 

re view was not acceptec others. 

this 


A generalized hemorrhag tendeaay is one of the most stething features 
ndrome which follows acute total-body irradiation (x-rays, atomic 
pie fe the mid-lethal range.*' This hemorrhagic disease is usually accom- 
od iy thrombocytopenia, both bleeding- and clotting-time are prolonged 
Py clot-retraction is impaired. Indeed, if the clotting-time is sufficiently pro- 
Be. the blood of an irradiated dog allegedly delays the clotting of normal 
blood, “thus demonstrating the presence of an active anticoagulant not normally 
present in blood”. It was assumed that this substance may be heparin or some 
similar compound.” Yet the evidence concerning increased production of 
heparin-like substances during exposure to ionizing radiations has likewise 
not been unanimously accepted (cf. p. 243). Many observers maintain that 
the hemorrhagic tendency under such conditions is not necessarily accompanied 
by incoagulability of the blood but may be largely due to capillary damage 
(cf. Capillaries). 

Administration of vitamin K, ascorbic-acid, calcium salts and fresh_whole- 
blood transfusions did not prevent hemorrhage after total-body irradiation.” 

Shock due to electrical injury causes an initial slight decrease followed by 
an increase in blood-clotting time.** 

Nervous stimuli, especially emotional excitement 248 or splanchnic stimula- 
tion, greatly accelerate blood-clotting. This is probably due to an effect of 
adrenaline (discharged during nervous stress) upon the liver, since either 
adrenal inactivation or hepatectomy prevent the response. Furthermore, exo- 
§enously administered adrenaline causes a similar decrease in blood-clotting 
time (cf. below) as long as the liver is intact. “Rapid coagulation may reason- 
ably be considered, therefore, as another instance of an adaptive reaction 
ed to the organism in the injury which may accompagy pain or which 

dllow the struggle that fear or rage may occasion”. ’ 
he decrease in blood-coagulation time often observed following Sem 
platelet. exercise is usually accomp 0: alee in | a 
fount; yet, following ee platelet 
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count may not rise although there is definite polynucle. I philia. "This 
was interpreted as evidence against an appreciable storag: itelets. One 
group of investigators stated that: “The extreme fragility itelets, how. 
ever, renders them readily susceptible to mechanical traum: t is possible 
that greatly increased circulation velocity during exercise m roy enough 


platelets to mask a moderate increase in numbers. The 


post-exercise 
decline in platelet count seen in most of our experiments 


»bably to be 


26 


explained on this basis”. 


Anoxia (or exposure to decreased atmospheric pressure) often causes a 
pronounced increase in the platelet-count. This has been ascribed to stimula- 
tion of platelet production by the megakaryocytes. It is frequently,27 but not 


always,** accompanied by an acceleration of blood-clotting. If capillary dam- 
age is severe, anoxia may cause hemorrhagic disease without any fall in the 
platelet-count or derangement in clotting-time.*® 

In a variety of spontaneous diseases there exists a rather suggestive paral- 
lelism between the tendency of blood-platelets to agglutinate into clumps and 
the E.S.R.° Both the phenomena are usually a function of systemic stress. 
The clot-retraction time is usually also subnormal in the average hospital 
patient.°™* 

Purpura accompanies many acute infectious diseases and is particularly 
characteristic of the Waterhouse-Friderichsen syndreme (cf. p. 99). 


It is often accompanied by fibrin deposition in capillaries, especially those 
of the renal glomeruli. Simultaneously, mural thrombi may develop in veins. 
This syndrome has also been compared to anaphylactic shock and to the 
so-called ‘Sanarelli-Shwartzman phenomenon”’.*! Many infections cause pur- 


pura merely because of damage to the capillaries, without any interference 
with the clotting mechanism.** 


The effect of an infection upon blood-coagulation, thrombus formation and 
the tendency to bleed, largely depends upon incidental conditioning factors, 
such as the sensitivity of the organism to a particular pathogen or specific 
effects of bacterial toxins (e.g., upon the blood-clotting system, the cells involved 
in the production of fibrinogen, platelets or thromboplastic substances). 
Hence the end-result depends upon the combined effect of stress on the one 
hand, and of specific actions influencing blood-clotting on the other. A recent 
review of this field emphasizes the importance of such conditioning factors 
with the statement that ‘the concept of mono-etiology dominates our approach 
to investigations of infectious syndromes. It seems that sufficient evidence 
has been accumulated to point out the importance of investigating the possibility 
that some diseases may be caused by the combined effects of plural etiologic 
agents, biologically remote from one another, as viruses and bacteria, or bacteria 
and complexes of non-bacterial protein antigens with specific antibodies. The 
synergism of these agents, under suitable conditions, may thus result in char- 


acteristic manifestations altogether different from the effects of each agent 
acting independently”’.** 
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ence upon blood-clotting (e.g., dicumarol, 


drugs exert : 

Man) ike substances heparin and related substances), but this 
statin ectly relevant tc lem. Yet, some drugs appear to influence 
js not jotting merely by their non-specific stress effects and the result- 
blood < S Here it is adi ery difficult to distinguish between specific 
ing _ specific actions there appears to be what might be called 

non- oe pec 
Bor non-specificity 1 eso 
re ence, blood tak om man a few minutes after the injection of 
ee eholine constantly unclergoes fibrinolysis. This has been ascribed to the 
cel y s Am . H H 3 
Aieation of adrenergic substances during the resulting A-R.** 

Peptone and trypsin render the blood incoagulable, presumably through the 

elease of an anti-thrombin (heparin), since blood-samples taken after this 


of shock counteract the clotting effect of thrombin in vitro. At the same 
ie the platelets disappear rom the peripheral blood and extensive fibrinolysis 
occurs.* ; 7 

Ascaris extracts 36 and various antigens conducive to anaphylactic shock ™ 
inhibit blood-clotting through an essentially similar mechanism. In this sense. 
the reaction is “‘relatively non-specific” and somewhat reminiscent of the 
derangement in blood-clotting induced by x-rays or acute infections conducive 
to the purpuric manifestations of the Waterhouse-Friderichsen syndrome. 
Incidentally, an experimental simile of the Waterhouse-Friderichsen syndrome 
occurs in rabbits after the injection of various bacterial toxins (diphtheria, 
meningococcic, staphylococcic, streptococcic toxin); this was accompanied by 
the usual extensive hemorrhages. Since the hemorrhagic tendency was pro- 
duced irrespective of the specific nature of the toxin employed, the syndrome 
was regarded as one of “toxic hypoadrenalism”.** It is dubious whether adrenal 
insufficiency in itself could explain these lesions since adrenalectomy does not 
duplicate them. Nevertheless, the syndrome is far from being specific for any 
one chemical substance. 

In this connection it is noteworthy that many compounds, such as certain 
allergens, snake venoms and quinine can cause hemorrhages due to capillary 
damage without deranging the clotting system.*® 

Various macromolecular substances, for instance glycogen,*” hemoglobin * 
also delay blood-clotting in experimental animals. This was considered to be 
Part of the so-called non-specific “hemoclastic crisis”. The pathogenesis of this 
is bance in blood-clotting has not yet been elucidated, but its possible 
cecship to that caused by x-irradiation, peptone shock and anaphylactic 

eck would be worthy of study. 


tn ‘sicants (e.g., nitrogen mustard) cause a marked and persistant prolonga- 
n of blood-clotting time.41* ama 
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Stimuli Influencing the Changes in Bleeding-time, Blood 9 and Plate. 
lets during the G-A-S. — Experiments in man revealed n > in platelet, 
count after the injection of ACTH in amounts sufficient t » comida 
able rise in neutrophils.** 

As already mentioned in other connections, it has been ¢ | that ACTH 
(through the adrenal-cortex) liberates a humoral substan< 1 the spleen 
“splenin-A” which plays an important rdle during the G-A- ismuch as it 
augments capillary-resistance and decreases capillary-perme: ras well as 


the bleeding time. Allegedly, the spleen can also produce another hormone 
“splenin-B’, whose pharmacologic actions are essentially opposite to those 
of splenin-A. It is presumably identical with the “thrombocytopen” of earlier 
investigators, which decreases the platelet-count and increases the bleeding- 
time (cf. also, pp. 239-240). From available data it has been tentatively sug- 
gested that splenin-B is involved in the thrombocyte destruction and purpuric 
manifestations elicited by acute systemic stress, while splenin-A is liberated 
under the influence of ACTH and corticoids in the resistant stage of the 
G-A-S.“ However, further experiments will be necessary to elucidate the 
possible réle of such splenic “hormones” during the G-A-S, 


Crude anterior-pituitary extracts delay the clot-retraction time in rabbits, 
but the effect is not entirely specific since salivary-gland extracts exert a 
similar, though much slighter, effect. The possible relationship between these 
actions and the G-A-S, have been analyzed.1** 

From experiments on adrenalectomized rats treated with various alarming 
stimuli (e.g., formaldehyde, forced muscular exercise, cold), it was concluded 
that “during the stage of the alarm-reaction and the stage of exhaustion of the 
general-adaptation-syndrome... fibrin formation becomes very rapid in the 
adrenalectomized animal, but no such change is seen in adrenalectomized rats, 
otherwise untreated, or in those which, following an alarm-reaction, entered 
into the stage of resistance’’.** In other words, here, adrenalectomy in itself 
did not cause any significant change in fibrin-formation (an indication of blood- 
clotting), nor did it prevent the changes characteristic of the G-A-S. 

The acceleration of blood-clotting caused by splanchnic stimulation is pre- 
vented by adrenalectomy,’* while that elicited by hemorrhage is not.4? In the 
latter instance it was assumed that the effect is due to a direct action on the 
liver of an inadequate blood-supply.*8 Hemorrhage does not accelerate clotting 
after exclusion of the liver from the circulation.*9 The decrease in clotting-time 
induced by emotional excitement or ether anesthesia in the rat is not influenced 
by adrenal de-medullation,°° but of course this operation does not eliminate all 
the sources of adrenergic stimuli. 

It has long been known that adrenaline, and many of its derivatives, accel- 
erate blood-clotting and shorten the bleeding-time in various animal species 
as well as in man.*! Indeed some oxidation products of adrenaline (adreno- 
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1), ax tive in decreasing capillary fragility and 
a adrenoxy ), au 


ome : than elf, although these hormone derivatives 
ae pleedin — os yperties.52 Since adrenaline discharge is 
the Jonger ae nt phenomenon during the A-R it could 
m tainly a Be asence systemic stress upon blood-clotting and 
c fail] to in 
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pleeding-time- drenox reduces the cutaneous purpura elicited by 
significantly. 2 a the 
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i os le is kno erning the effect of corticoids in this respect. 
singularly oe dosa cause multiple thromboses without any signi- 
frie zat DCA-overcow 


ficant change in the clottin 


been claimed tha thyroxine is useful in the prophylaxis of post- 
It has be' , 


«ve thromboses and embolisms, but the underlying mecheminnt has not 
ae : : d and indeed the claim itself has been contested.® On the 
ea Be es re is no doubt that early rising after operation as well as the 
La ee of various anti-coagulants (dicumarol or heparin) exert a 
admin 


definitely beneficial effect.*” 


HEMOPOIETIC SYSTEM 


(Including the lymphopoietic, myeloid and reticulo-endo systems, ) 

It has long been suspected that elements of the hemopoie 
important réle in defense reactions, Large lymphatic accumulation notoriously 
tend to develop at points where the danger of bacterial invasion is particularly 
great (tonsils, appendix, Peyer's patches); various types of leucocytes particip- 
ate in all kinds of inflammatory reactions, and the thymico-lymphatic tage 
is among the first to respond to systemic stress. All these facts have been tales 


to suggest that hemopoietic tissues help to protect against infections and other 
types of damage. 


tem play an 


Yet, according to another view such reasoning is due to a ‘very narrow- 
minded finalism” and it is considered much more probable that the reactions 
to damage — at least of lymphatic tissue proper — are harmful. Hence ee 
the point of view of the organism's defense, this tissue is not only useless but 
frequently even noxious” so that it would greatly improve health if the lym- 
phatic tissues could be destroyed.'! Such an extreme view is not shared by 
many; we mention it here mainly to illustrate how far we are from an unani- 
mously acceptable theory concerning the physiologic réle of lymphatic tissue. 
Tt is more commonly believed that lymphatic tissue aids in defense by 
rae ay tes podibecies and by phagocytosing foreign particles. Per- 

acrophages are capable of performing both these functions and the 


} _ 7 
ii ee may represent a mesenchymal reserve which, in emergencies, can 
readily be transformed into macrophages.” ; 


A ; : 
mong all organs the spleen contains the greatest single accumulation of 


macr 5 
ra Ani and hence, presumably plays an important réle both in phago- 
cytic and in serologic defense reactions.® : 


The granulocytes are 
contribute to defense i 
spleen, both through its 
macrophages from its se 


also intensely phagocytic. Hence the bone-marrow can 
n essentially the same manner as lymph-nodes and 
granulopoietic function and through the formation of 
ssile reticulo-endothelial elements. 


Systemic Stress 
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Effect of the G-A-S upon the thymus of the rat. 
— A. Thymus of a normal rat killed as a control 
for B, C and D, in which an A-R was produced 
by spinal cord transection, exposure to cold, and 
forced muscular exercise respectively. In all 
instances the animals were sacrificed 48 hours 
after commencement of the treatment. Note mark 
ed involution of the thymus irrespective of the 
stressor used. — E. Thymus of a normal rat 
killed as a control for F. — F. Thymus during the 
exhaustion phase of the G-A-S after 30 days 
exposure to cold. Note considerable involution 
of the thymus with several hemorrhages. The 
than during the A-R produced by the same agent 
(Selye 35935/ND.) 
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Thymus during the A-R, in the rat, — A. Normal thymus. Note the numerous and regular 
thymocyte nuclei in the cortical region 


fi 
(upper part of field). — B, Thymus in A-R. Mets 
proliferation of epithelioid thymic reticul 


um and granular, or dust-like, debris of degenerated 
thymocyte nuclei. ~ C. High magnification of an area from the thymus shown in Fig. B. 
parathyroid-like cell accumulation within the proliferating epithelioid reticulum of the thymu ie 
Surrounding it, there are pyknotic thymocyte nuclei. — D. Another area from the fp tdan d 
shown in Fig. B. Note the cyst-like, epithelioid formation in the center, which may be a dis 
Hassall body. Surrounding it there are pyknotic thymocyte nuclei. Pyknosis of the thymocy' 
and proliferation of the epithelioid eler 


if 
rg ments in the reticulum are particularly characteristic 0° 
ve alk. 


(Selye B1204/46-) 
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phagocytes. The latter are engaged in removing these el ail 
the lymphatics, so that at this time the sinusoids of a sae aoe. 
filled with phagocytes containing the nuclear debris of dege Pe nen 
At this stage, the connective tissue stroma of the organ is The cells of the 
ist the entire organ assumes a gelatinous appearante. | No in By 
reticulum, on the other hand, show signs of hyperteera ee They 
the end of 48 hours, many of them assume an epithe ee gene form irregular 
become round, their cytoplasm increases in volume an nn es are filled 
Strands of polygonal cells, tubules and even cysts, some © There are many 
With eosinophilic colloid, similar to that seen in thyroid acini. 
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56 
relevant observations have been made in rats, but essential 
were found to occur in other species, €-g-, in the cat, guine 
During the A-R, among all organs the thymus exhibits test weight 
loss, nevertheless, because of its small size it contributes but | the “protein 
catabolic reaction." Although quantitatively the disinteg of ‘thie 
tissue thus appears to be of minor significance, qualitatively y be of great 
import by supplying special materials needed for systemic defe: (e.g. anes 
bodies, activators of the reticulo-endothelial system). 


lar changes 
1 rabbit, 


During the stage of resistance, the thymus tends to ret) towards the 
normal level, especially if the evocative stress is comparative!) nild. During 
the stage of exhaustion, the involution of the organ becomes extremely severe 
again, but since here thymocyte disintegration is much less acute than in the 
A-R, one rarely sees as much nuclear debris (the so-called “‘caryoclastic 
reaction”) as during the initial stage.” 

Animals which become resistant to the stress effect of a certain stimulus 
(and whose thymus has consequently returned towards normal) develop 
particularly pronounced and acute thymus involution upon exposure to an 
alarming stimulus of a different nature. “Using the response of the thymus as 
an index of resistance, one may say, therefore, that during adaptation to a 
certain stimulus, the resistance to other stimuli decreases’. 


The lymph-nodes also involute during the A-R, but not as intensely as 
the thymus and usually with less pronounced hyperplasia of the reticulum. 
Here, the disintegration of lymphocytes begins in the ‘germinal centers” of 
Flemming. Under the influence of systemic stress these are transformed into 
so-called ‘reaction centers” of Hellman. It is important to realize that this 
transformation is not — as had previously been thought — due to the local 
actions of bacteria or of their toxic products, It represents a response to any 
kind of systemic stress and is quite obvious after exposure to cold, trauma or 
muscular fatigue where such products are not introduced into the body. In 
the course of a severe A-R, the germinal centers may even disappear completely. 
Unlike in the thymus, large quantities of nuclear debris are seldom found in the 
lymph-nodes. Possibly many lymphocytes emigrate from the nodes without 


previously undergoing necrosis or the drainage is better than in the thymus so 
that the debris does not accumulate.® 


Other lymphatic tissue accumulations, for instance, those seen in Peyers 
plaques, and especially in the appendix undergo essentially similar changes."” 


During an acute A-R, frequently the sinuses of the lymph-nodes are filled 
with erythrocytes and assume the appearance of hemolymph-nodes. This 
occurs occasionally in the rat !' but is more common in the gu'nea-piq.”* The 
formation of these hemolymph-nodes is greatly facilitated if the blood-volume 


s increased by intravenous fluid infusion prior to exposure to the alarming 
stimulus. 
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lways found just behind the adrenal 
- sinuses are filled with erythrophages 
nO jment deposits. As the true hemolymph- 
iph-nodes” contain no germinal centers. 


in the rat, suc! 


nodes: ¢ Tpephrectomy, « hen combined with adrenalectomy, causes 

pilatera appearance q s and pigment from the sinuses of the 

Jete 1S so A . a . F; s 

a iron pigment lymph 1ough it does not develop germinal centers. 
a 


that the blood-destroying function of the 
son the presence of the adrenal.’ 


Iliac lymph-nodes of the rat during the A-R. — A. Normal control. — B. Transection of the 
spinal cord, at the level of the 7th cervical vertebra, — C. Exposure to cold (-+ 2C*). — 
D. Repeated, forced muscular exercise, in a revolving drum. All stressors have been applied 
for 48 hours, during which time food was withheld. (sensitization to stress). Note great 
involution of the lymph nodes, irrespective of the type of stressor used. (After Selye 35935 ND.) 


The spleen also involutes in the course of a typical A-R, but not as suddenly 
as the thymus; hence nuclear debris and edema fluid is less prone to accumulate 
within the splenic tissue. The disintegration tends to begin in the germinal 
centers of the Malpighian follicles and generally speaking, the lymphatic white 
pulp is much more seriously affected than the red. Contraction of the splenic 
musculature further decreases the size of the organ and helps to discharge its 
blood-reserves during the A-R.™ 

Although most of our pertinent work has been performed on the rat, other 
Species (e.g., cat, rabbit, guinea-pig) were shown to react in essentially the 
Same manner,3° 
e> the other hand, in the acute infectious diseases of man the spleen is usually 
ts aa It is interesting to note therefore that if in the rat an A-R is produced 
cyto, parenteral administration of substances which are removed by phago- 

sis (such as blood, cholesterol emulsions, kerasin emulsions, egg-yolk oz 


white) then splenic instead of the 
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characteristic feature of the A-R that the reticulo-endothelial « e stimulated 
to increased phagocytic activity. Hence, perhaps exposur tress cause 
ses 


splenic enlargement only if the organism is simultaneously fi with parti 

ulate matter (e¢.g-, colloids, bacteria), which accumulate in th: ten ee 
phages and thus increase their volume. Here we are again dei with a i 
ditioning factor” which greatly alters the appearance of the itially ane 
otypical G-A-S response. The storage of phagocytosed ma il overeaa 


pensates for the usual loss in splenic tissue, occasioned by disintegration of the 
lymphatic elements and the discharge of stored blood. 
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Effect of G-A-S upon the spleen of the rat A. Normal control 

i A a .- BAR ui 

toa (2 C. of bi spinal cord at the level of the 7th cervical vertebra, — C. apece ee . 
aaa ean oy saa oa forced muscular exercise. All stressors have been applied for 
SE ie eereaee ap a me ‘ood was withheld. Note great reduction in splenic size irrespective 
B Solean of ae . Spleen of a normal rat killed as a control simultaneously with F. — 
RRS se <mg the resistant stage of the G-A-S following 15 days of exposure to 
at a control See = iagaece of splenic tissue. — G. Spleen of a normal rat killed 
G-A-S alter 30 Doar, with H. — H. Spleen of a rat during the exhaustion phase of the 
organs) regresses es ny exposure to cold. Note that at this time the spleen (like all lymphatic 

a (After Selye 35935/ND-) 


oo pay little Si has been done up to now concerning the response 
myeloid tia ae ore the G-A-S. It has been emphasized that the 
reactions durin th AR damaged, do not exhibit such intense caryoclastic 
edema.3® vie of % i. as the thymus and are rarely the site of pronounce 

the lite daadaenw ae = ge iad ability of the reticulo-endothelial elements in 
the macrophages is ne ron augmented, as judged by experiments in whic 

The Xa on ts stained by the intravenous administration of India-ink.” 
erythrocytes alee non-specific anemias”, with the discharge of immature 
during stress has not yet been rece ans thesppeciee 2ntire of di sole 


A local increase in the i i 
phagocytic activity of the reticul thelial system 
a has been noted in the thymus 7° am a ne in the RR” 
= = sat tera were performed specifically to examine he relative 
veness of reticulo-endothelial cells in various parts sing 
the G-A-S. It was found in rats and in mice a ees 
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5 agents (fo adrenaline, cold, x-rays, trauma, etc.) 
noxious | gocytosis ly-injected India-ink. During the A-R 
iafuences Fes disapp blood more rapidly, during the resistant 
the i ; rapidly, than i strols. This was confirmed in experiments 
stage | fused livers: ah ells of alarmed animals took up more than 
on the ej amount of In , the perfusion fluid during the A-R, while 
the Pie resistant phas¢ by the liver was considerably subnormal.”° 
S inoquent systematic : { signed to examine comparatively the effect 
he G-A-S upon the R the various organs of the rat showed that 

of t the AR (cold spinai- rd transection, forced muscular exercise), the 
apgecytosis of intravenously injected India-ink is greatly augmented in the 
arrow, adrenals kidneys and the “hibernating gland”. In the liver, 


there was nO significant difference between the alarmed and control animals 
of this series, perhaps because so much ink was injected that the uptake was 
maximal even in the controls. However, in the spleen the storage of carbon 
particles appeared to be actually diminished.”* It was concluded that the 
“experiments suggested active participation of the reticulo-endothelial system 
in the defense of the organism during the alarm-reaction”.”* 


During the resistant phase this R.E.S. response is actually reversed, while 
in the stage of exhaustion the response is similar to that of the A-R. Presum- 
ably conditioning factors (e.g., physical and chemical properties of the particles) 
also play a part in determining whether the macrophages of one or the other 
organ system will respond most intensely. 


Several observations *> suggest that extreme stress actually depresses the 
phagocytic power of the R.E.S. Some workers ascribe this to an exhaustion 
of the phagocytic power,”® but as we said above, such an inhibition of phagocyt- 
osis is rather characteristic of the resistant stage. 


The mechanism through which stress activates the reticulo-endothelial system 
during the A-R is not yet known. Recent studies lead to the assumption that 
the vascular endothelium, is changed by the action of histamine into a reticulo- 
endothelium, the cells acquiring the property of phagocytosing various sub- 
stances which circulate in the blood. The reticulo-endothelium of the liver 
ead its phagocytosing properties not to histamine, but to another substance 
a in the liver, the chemical nature of which is not known”. It has allegedly 
= possible to obtain active extracts of this substance which was termed 
Be tor 27 Conversely, the decreased phagocytosis during the stage of 
hich, nce would be due to an endogenous anti-histaminic metabolite gesistine 5 
Fician. allegedly also involved in the development of resistance itself.2* This 
Testing theory requires confirmation other observations 


dee, 


of et that sympathin *° oF ation is respor the activation 
ne phagocyte sy: call . ? 


HEMOPOIETIC SYSTEM 


46C 
the stress of the surgical trauma itself.8t Many other type cgienlaae 
ventions cause thymus atrophy through the G-A-S mechanis: 1mong aoe 
bile-duct ligature received special attention.** J Mese 
Allegedly not only lymphocytes, but numerous other cells | fibrocyt 
the Schwann cells of the nerve sheath, striated muscle cells), can tae gt 
themselves into phagocytic histiocytes under the influence of direct mevhanil 
or chemical trauma. Here, choline, liberated from traumatized cells, was held 
responsible for this transformation. Since so many cells can assume the appear- 
ance of histiocytes under the influence of stress, some prefer to speak of a 
“histiocytic state” of diverse cells rather than consider the histiocyte as a 


separate, histogenetically distinct, entity. The assumption of this histiocytic 
state would endow the cell with new properties particularly useful in conditions 
of stress.** There is some evidence to show, however, that particularly intense 
damage impedes the phagocytic power of histiocytes.*° ; 

Hemorrhage. — Severe loss of blood causes essentially typical G-A-S 
changes in the hemopoietic organ.*° In this case the splenic contraction of the 
acute A-R phase is particularly pronounced, and probably of great importance 
in that it helps to replace blood by the discharge of the splenic blood-corpuscle 
reserves.** 


Burns. — The many clinical observations concerning the behaviour of the 
hemopoietic elements after burns, have been the subject of several extensive 
reviews.*8 In the lymph-nodes, Peyer's plaques, tonsils and the Malpighian 
corpuscles of the spleen there are necroses and edema, especially in the regions 
of the germinal centers. The thymus undergoes acute accidental involution. 
The spleen may be swollen and the reticulo-endothelial cells show increased 
phagocytic activity, often being loaded with erythrocyte debris. The necrotic 
changes noticed in the tonsils and in the lymphatic accumulations of the intestinal 
tract are of particular importance. They suggest that systemic stress, such as 
is caused by burns, may predispose these tissues to secondary invasion by 
microbes with the subsequent development of tonsillitis and appendicitis respect- 
ively (cf. Gastrointestinal Diseases of Adaptation). 
ue ea ae re temperature may elicit the syndrome of “heat 
eiiacaen e typical A-R changes in the hemopoietic organs of man, The 
ranaih A Sey aaa and sometimes enlarged. The bone-marrow is also 
pts, aes priv seat be a particularly severe damage to the megakary- 
decks ‘yes = . — of the nuclei with karyorrhexis. There is also 

sarceg te cells of the granulocytic and erythrocytic series. Since com 
P ne-marrow changes were not seen in anoxic anoxia, these lesions 
were ascribed specifically to the action of heat.®® : 


wie pee catinss L heat (Kettering hypertherm) caryoclastic reactions 
increase on ee ae ihe lymph-nodes and bone-marrow. A pronoun’ 
pornnentey gly phagocytic histiocytes was observed in the lymph-nodes, 
M : iver, but not in the bone-marrow, At the same time there was poly- 
orphonuclear infiltration of the lymph-nodes and myeloid hyperplasia, M 
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ices. in the bon: These changes were regarded as indicative 

crt mobilization of the srces of the body” by the high temperature.*” 

oft Pies essentially simi rimental series on rabbits exposed to heat, 
oO ean = : : ; 

# oclastiC phenomena a" hial hemorrhages were particularly prominent 


the spleen and thymus 
in ‘ hagocytic activity ood-leucocytes is also influenced by heat and 
a it depends largely upon conditioning” by the protein content of the 
), whether a certain change in the surrounding temperature will 


increase OF diminish phagocytos's 

Cold. — Exposure to cold proved to cause pronounced involution of the 
thymico-lymphatic jeyetem and prolifee sigs of the reticulo-endothelial pha- 
gocytes: especially in fasted animals. 

Jonizing radiations. —~ Ionizing radiations exert a particularly intense des- 
tructive influence upon hemopoietic elements in the thymus, lymph-nodes, tonsils, 
spleen, bone-marrow, etc."* Their effect is not strictly comparable to that of 
other alarming stimuli since the destruction of hemopoietic elements by ionizing 
radiations is greater than could be expected on the basis of their stressor effect. 
Furthermore, unlike most alarming stimuli, these rays cause thymico-lymphatic 
atrophy even in the absence of the adrenals (see below). Indeed, degeneration 
of isolated lymphatic and erythropoietic cells is even obtained by direct x-irra: 
diation in vitro.*® 

On the basis of studies in the mouse and rat, it has been especially emphasized 
that the thymus, lymph-nodes, spleen and Peyer's plaques respond essentially 
in the same manner to x-irradiation.*° All these observations are consonant 
with the view that the changes in the hemopoietic organs produced by x-rays — 
though they are of unusual severity — are essentially similar to those caused 
by other alarming stimuli. 

After x-irradiation, the thymus regenerates fairly rapidly in the rat 47 and 
rabbit.** In the latter species, the thymic reticulum can allegedly give rise 
directly not only to lymphocytes, but even to polymorphonuclear granulocytes.” 
ae investigators agree that small doses of x-rays stimulate, while large 

estroy the reticulo-endothelial cells.5° However, the claim that small 

ses of ionizing rays can also stimulate hemopoiesis has not been confirmed.”* 

thet comparative study of the lesions caused by total-body irradiation during 

Ahn bomb test at Bikini and after total-body exposure to one million-volt 

—h showed that the lesions produced in swine by these two types of 

itradiati are indistinguishable. They are much severe than after partial 
ion of the body and consist mainly of nen age, necrosis 
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ary infection. The myelopoietic elements of the bone-marré the lympho. 


poietic elements of spleen and lymph-nodes are especially ive. “Theis 


destruction interferes with the cellular defense of the body a the presence 


of lowered resistance, secondary infections are common”. ( other hand 
the reticulo-endothelial cells of the lymph-nodes and bone W are com. 
paratively radio-resistant and may serve as a matrix for subseq “egenerative 
phenomena.” 

The bone-marrow is allegedly more resistant to radiatio: in lymphoid 
tissue. The rays affect both the immature granulocytic and erythrogenic elements, 
but following treatment with sub-lethal doses, early regenerative changes are 


seen within the first week. Pigment deposits, eosinophilic leucocytes and plasma 
cells may appear. After particularly severe irradiation, however, the marrow 
may assume a peculiar gelatinous appearance with subsequent connective tissue 
proliferation and without adequate regeneration of the hemopoietic elements.™ 


Essentially similar observations have been made in other animals and man 
following exposure to x-rays, the atomic bomb or U?5°.™* 


Electro-shock. — The effect of electro-shock therapy upon the bone-marrow 
has not yet received much attention,®® but there is reason to believe that here 
again G-A-S changes are most important. 


Nervous stimuli. — Transection of the spinal cord (at the level of the seventh 
cervical vertebra) causes a particularly pronounced A-R with marked and rapid 
involution of the thymico-lymphatic apparatus.** Since this operation produces 
severe hypothermia, it is noteworthy that the thymico-lymphatic involution 
cannot be prevented by maintaining the body temperature at a normal level.*" 
The possibility has been considered that an ‘‘alkaline shift” of the acid-base 
balance is the necessary prerequisite for the development of the A-R in general 
and the involution of the thymico-lymphatic apparatus in particular. However, 
exposure of rats to a high CO, atmosphere (which would prevent such a shift) 
did not inhibit the involution of the thymus, lymph-nodes and spleen, which is 
normally elicited in rats by high spinal-cord transection. 

Nervous stimuli are also effective activators of the phagocyte system, as 
judged by experiments on frogs in which phagocytosis (especially of leucocytes) 
was found to rise after splanchnic stimulation. The active principle involve 
here is blood-borne and apparently identical with sympathin.” 


Muscular exercise. — Intense muscular exercise produces acute thymic 
involution in the rat. Since this is accompanied by adrenal enlargement Man 
other manifestations of the A-R® it is not considered to be a specific result 
of muscular work as such, but of the resulting G-A-S. 


Indirect evidence suggests that muscular exercise also causes a splenic lympho- 
cyte discharge and that this is mediated by corticoid hormones. 
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ospheric pressure ® or increased atmos- 


xia. — In rats, « 
0: ,use typical thymico-lymphatic and splenic 


5 ;q] pressure * I 
eric partia Pp i 


p ‘on, accompaniec saracteristic manifestations of the A-R. 
involt : e response of tl organs to anoxia has also been regarded 
ae of the resulting © 
aa the effect of « )xia upon the spleen can readily be studied 
. acing the organ ‘ jury to its vascular and nervous attachments. 
ne vel oxia induce« ithing pure nitrogen, the spleen of dogs so 
. ait ad not lose Weis .ntil the arterial oxygen saturation approached 
prepa that time, the organ became intensely contracted with a simultaneous 
ae the systemic hemoglobin content. Blood samples taken from the splenic 
Be daring contraction showed a hemoglobin concentration 30 to 40% higher 


han that of arterial blood.®® Thus it appears that the spleen contributes sig- 
‘iftcantly to the number o! circulating blood-cells only when the hypoxia is 


extremely severe. 


Increased atmospheric pressure. — In man exposed to an oxygen pressure 
of 2.3 atmospheres, erythropoiesis is depressed and many plasma cells appear 
in the bone-marrow.*° No effort has been made to examine whether this is due 


to stress or to oxygen per Se- 


Anaphylaxis. — Numerous investigators have observed thymico-lymphatic 
involution, and a proliferation of the R.E.S, following re-injection of sensitized 
animals with foreign proteins.** This fact has a ready explanation in the systemic 
stress effect of such antigens when given to previously sensitized individuals. It 
is more remarkable, however, that even during the period of sensitization (that 
is, before the shock-eliciting second injection), typical AR changes develop 
in the thymico-lymphatic tissue and RES. of the guinea-p1g- 

In the bone-marrow of guinea-pigs, the maturation of eosinophil myelocytes 
is accelerated during the period of sensitization; after the aiokprosaee a 
re-injection, the mature eosinophils are discharged into the blood.® In ral . 
treated with killed pneumococci, marked hyperglobulinemia developed — - 
taneously with diffuse, plasma cell proliferation in various organs, i gree 
in the fat of the renal pelvis. As we shall see, this response resembles that 
produced by LAP. 


Infectious and other diseases. — In fulminating, acute systemic ea 
ths thymico-lymphatic tissue usually undergoes particularly pronounce - 
tapid “accidental involution”. This is much more obvious 1 children than 
mo. merely because the atrophic thymus of the bee contains a ea 
oes “acci mus involution” is accom 

en at rest. Such accidental thy: rae ae 2 ee 


cteristic of the A-R. 
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A similar thymus involution occurred in rats with enlarg: 
tumor transplants. It was concluded that the tumor behave 
stimulus inducing the changes associated with the gene: 
drome”.7* Although these findings were confirmed in rats 
growing lymphosarcoma transplants, it was noted that if the ¢ 


nals due to 
non-specific 
tation-syn- 
ing actively 


S regressed, 
the lymphatic organs enlarged despite an even more pro inced adrenal 
hyperplasia." Since histologic data have not been published ; impossible 
to say whether the enlargement of the lymphatic organs was actually due to an 
increase in lymphocytes or to storage of tumor degradation products. In any 
event the combination of large adrenals and large lymphatic organs (spleen, 


thymus, lymph-nodes) is not unprecedented; it regularly occurs in LAP-treated 
rats kept on a high-protein diet 7 (cf. below). 


In an effort to analyze the dynamics of the response to acute bacterial infec- 
tions, the local reaction of regional lymph-nodes was studied in rats in which 
an acute popliteal lymphadenitis was produced by inoculation of the foot-pad 
with Type 1 pneumococcus. This led to rapid exudation of polymorphonuclear 
leucocytes from the nodal capillaries into the lymphatic sinusoids. The majority 
of the other inflammatory cells in the sub-capsular sinusoids came from the 
primary focus of infection. Importance is attached to the fact that the invading 
bacteria are forced to pass through the “log jam” of granulocytes in the sinuses 
and that the mast cells in this location appeared to discharge their heparin 
granules. The mast-cell reaction may account for the failure of the lymph to 


clot within the node, and perhaps it even plays a special role in the defense 
against bacteria.” 


Studies with various toxic bacterial products showed that marked proli- 
feration of the myeloid bone-marrow elements is usually seen, in rabbits, 
whenever the treatment leads to intense polymorphonuclear leucocytosis. How- 
ever. in particularly intense bacterial intoxications — which lead to agranulo- 
cytosis — the bone-marrow activity is depressed.** 


A review of the literature on focal infection suggests that even circumscribed 


bacterial foci can cause anemia with depression of marrow activity. Such cases 


have been referred to as examples of a special type of panmyelophthisis”.” 

The spleen becomes rapidly enlarged in the majority of the acute infections: 
In human pathology, it is customary to distinguish a “ved” and a “grey type 
of acute splenic swelling. In its most characteristic form the red type is seen 
in typhoid fever. There is a great collection of erythrocytes and a marked 
proliferation of the endothelial cells which line the splenic sinusoids. These 
cells are highly phagocytic. Many of them become detached from the wall 
after their cytoplasm has ingested numerous erythrocytes. — The grey tyPe 
of acute splenic swelling is seen in scarlet fever, acute endocarditis, genera 
septicemia, pneumonia and many other severe infections. Here, the spleen 


contains large numbers of oxidase-positive cells (mature and immature granulo- 
cytes), which led to the term “pyemic form of pe : ling”. While 


ic 
very severe infections may inhibit the phago 
thelial cells, milder forms actually silo 
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tains. Ho , as the damage is not too severe, the 
which it Se giated b stress of an infection, irrespective of 
RES: is st ed or the \f splenic tumor ensues. At first, the splenic 
whether the if is broken his may account for the softness of the organ. 
reticulum BS eration © then induration may follow.” 
t later regen Jar splet ons have been produced by infections in exper- 
Bssentially mc The on of the macrophage system is particularly 
mental anima 3 auch a iria, which cause a marked erythrocyte destruc- 
jntense in disease 7 Bai that this effect, with a consequent improvement 
tion. It has eren. be } 


the principal factor in the malaria therapy ©! 
sq Si 
eneral Be the splenic response characteristic of the A-R as such, we have 
a Boned. that normally, the spleen involutes as a result of systemic 
a ie hagocytic ability of its macrophages is increased. If systemic 
om oa Es axied by the flooding of the blood with particles which can be 
hagoc cea Pareign proteins, necrotic tissue-degradation products, Cerin 
phago ‘a the usual loss of weight (due to lympholysis and discharge © “ 
os ® overcompensated by the deposition 4 phagocytosed yee 
cute infectious splenic swelling in man, the accumu ae 3 : 
valymorphonuclear leucocytes a oe ‘gey spl elec swell 
aggregation of many, presumably camaget © pc ie ee ngeeres =. 
ing’) contributes si nificantly to the increase 17 the weight rs 
Be rcance of the exythrocyte and leucocyte accumulation in the ae a 
splenic tumor is not yet understood. It is suggestive to panera Sea ees 
the leucocytes — which are potential phagocytes ~ participa Aden ee 
against the bacterial invasion, while damaged erythrocytes pst 
spleen preparatory to their ingestion and disposal by macrophag yo ea 
Drugs. — The “caryoclastic crisis” — in the ura Ses a 
of the lymph-nodes and in the malpighian follicles oe Sm a re 
been mentioned as being very characteristic of the A-R. ‘ oie seg 
oo concerning the G-A-S have given prominen 
“lympholytic’’ effect.* ; iat 
BAF. Gieervetions had shown that drugs, for a a ad ce 
administration of liquid paraffin or of iron oleate Ber -* “4 
oclastic reactions in the thymus, lymph-nodes and spleen ae 
However, the non-specificity of this response was not ar Rives 
recalled that Dustin ** believed that only a special gree ° a a ears 
called “caryoclastic poisons” are endowed with the spec _ hole oa nati 
this effect. Since the response is part of the A-R to any ar Liam, Sec 
Stress, this designation ma be confusin In our ear lier Pies 
instance, we found formaldehy histamine 
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and as chemotherapeutic agents against syphilis, trypanosoi ctions, ete 
This led to the suspicion — almost two decades ago — that the therapeutic 
effect of the caryoclastic drugs depended upon their ability imulate the 
“defensive energies” of the RES 

Subsequent studies furnished many additional data showin non-speci- 
ficity of this response. Thus, involution of the lymph-nodes, thy and spleen 
has been produced in association with other A-R changes by subcutaneous 
injection of formalin,™ bacterial toxins,*? toxic organ extracts,” colchicine,’ 
trypaflavin, thallium, bismuth, iodine and mercury compounds, various 


arsenicals * and alloxan,” as well as with the intraperitoneal 
of ethyl alcohol or hypertonic glucose.*® 


Desoxypyridoxine also causes marked thymico-lymphatic involution, as 
judged by experiments in rats and mice, but here we are probably dealing with 
a special case since the compound appears to act merely by virtue of its anti- 
pyridoxine effect ™ (cf. below). 

Various vesicants and especially sulfur and nitrogen mustards were found 
to produce particularly marked lympholytic effects in the thymus, lymph-nodes 
and spleen of the rat. Except for their extraordinary intensity, these changes 


were not fundamentally different from those seen in an A-R produced by 
other agents.*® 


1dministration 


Comparatively few authors examined the bone-marrow changes caused by 
drugs capable of eliciting an A-R. However, it has been shown in the rat, 
that the intense systemic stress caused by nitrogen or sulfur mustards damages 
both the erythropoietic and the leucopoietic elements of the bone-marrow, as 
well as the megakaryocytes.* “The degenerative changes of the hemopoietic 
organs as a whole resemble more closely those produced by roentgen rays 
than those caused by any other agents”’.®” 

Somewhat similar changes have been seen in the bone-marrow of man after 
insulin and metrazol shock therapy.°® In most of these recent investigations, 
it was clearly recognized that the response is not due entirely to specific effects 
of the drugs used, but largely to the resulting G-A-S. 

Interestingly an A-R caused by various drugs, especially vesicants and 
urethane, elicits similar lympholytic phenomena even in the malignant lym- 
phocytes of mice bearing transplantable lymphomas.” Desoxypyridoxine 
appears to exert such an anti-lymphoma effect without causing an /- oe 
The lympholytic * and antileucemic action of urethane is also much greater 
than could be expected merely on the basis of its stressor effect.1° In all these 
instances the action of the drugs upon the white cells is not merely due to 4 
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harge, b pecific, direct caryoclastic properties or a 
oxticoid Xe ee onin the endogenous corticoids and the drugs 
jem (con in 
ner 1S 
mremselveS ine and other drugs which cause a so-called 


Allylformiate, an phagocytic power of the Kupffer cells in 


"serous a which the administration of such drugs was 
the liver. ee nea section of bacteria showed that the resulting 
followed by ¢ zn much | van in not-pretreated animals.’ The phenom- 
b cteremia aster flamma ; closely related to the A-R, yet — as we have 
enon of eed = in she latter, phagocytosis by reticulo-endothelial cells is 
reviously S 2 


ct be kept in mind, however, that very severe alarming 
usually Re csce compe and may damage the RE. 14 presumably 
acim owe at roduce serous inflammation were given in excessive amounts. 
Cs “ad J be a very effective alarming 
44 — Starvation has long been known to eis 
rice capable of causing typical thymico-lymphatic atrophy with p 
stimulus, v 


endothelial cells. These observations have subsequently been 


ation of reticulo 109 


: ; oy 108 : f 

firmed and extended in the rat, mouse,” guinea-pig 108 and in moi 4 

Pie recently, special attention was given to the ae of aan 

hagocytic ability in certain territories of the RES. Ss ar 
ey found that in the rat the phagocytic power © the sp. 


technic it was 
phages 1S greatly increased by star vation EF urthermore, in guinea-p!gs and 
rats fasting increases the phagocytosis of hemosiderin and lymphocyte-debris 


his series 
by the macrophages of the spleen, lymph-nodes 3 ociaget apart 
no significant alterations were observed in the oP in re lymphatic elements 
In chronically and severely starved men, involution a the one ic aeeaeee 
with marked hemosiderosis has also been noted in as elie equently 
time, the bone-marrow showed a diminution of all pine cone suggested that 
accompanied by a predominance of megaloblasts. It ha Fike blood-picture 
this change may be responsible for the ‘pan naient eedema and otbet 
which so often develops in patients suffering from hung 
feraf severe snalnutrition.’” : phe sgl at, and 
Be erssty, overfeeding likewise causes thymus px Suen ws nn 
here again, the effect was ascribed to the developmen assent in rats fed 
An essentially similar lympholytic nation or nok ocytic activity of 
protein-deficient diets.1* Indeed, to some ne ees protein intake." 
blood-leucocytes likewise appears to depend upon the 


: doubtedly 
Deficiencies in vitamins and other specific food constituents O° mn 


‘ Jopment of a 
also stressors to which the organism responds ee neere discovery 
G-A-S. It had been noted many B00 diet (which was deficient 
of the G-A-S — that in guinea-pigs , ; 


in several vitamins) the 
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of increased phagocytic activity. Frequently their cytoplas: filled -genp 
blood-pigment granules.'"® 
It has been emphasized that in the rat, the reticular cell 


Tee lg 1e thymus, 
unlike those in other lymphatic organs. do not readily inges 


avenously- 

injected carbon particles. Even if thymus involution is prod by choline 

deficiency, the thymic reticulum fails to acquire any pronour phagocytic 
gy 


power. 


Severe pantothenic acid deficiency elicits characteristic manitestations of 
the G-A-S in the rat and causes pronounced involution of the thymus,38 
“All of these symptoms are interpreted as indicating that the pantothenic acid 
deficiency acts as an alarming agent”. On the other hand, the bone-marrow 
of pantothenic-acid-deficient rats remains normal or is actually hyperplastic; 
except for a left shift in granulocytes 120 and some hyperplasia of the erythro- 


poietic elements '** its cellular composition showed no consistent abnormality. 


Similar changes were observed in the thymus and lymph-nodes of riboflavin 
deficient rats,)22 but here the bone-marrow activity was markedly depressed.’ 
The hemopoietic organs of pair-fed controls remained essentially normal. 
Both in riboflavin and in pyridoxine deficiency the adrenal changes were 
mild or absent in spite of marked thymus involution.124 It was concluded that 
unlike many other avitaminoses “riboflavin or pyridoxine fails to produce the 
adaptation syndrome’.!?° If this were confirmed, it would be a remarkable 
exception to the general rule that every prolonged systemic stress elicits a 
G-A-S. It is possible, however, that the degree of deficiency was not of suf- 
ficient magnitude to produce a persistent adrenal response. Subsequent invest- 
igations confirmed that in spite of the absence or mildness of characteristic 
adrenal changes, the thymus of pyridoxine-deficient rats exhibits severe 
atrophy. As an alternative interpretation it was assumed that “thymus 
involution need not always be attributed to a high level of secretion of the 
corticosterone-like hormones. Perhaps this atrophy results from inadequate 
protein synthesis”.!2* Whatever the mechanism may be, a direct (not adrenal- 
mediated) lympholysis is certainly possible (e.g.. after x-rays or vesicants ); 
this may well be involved here also, but it would be unexpected if this stressor 
did not simultaneously elicit a G-A-S as well. 


The effect of desoxypyridoxine upon lymphomatous and leucemic cells has 
been discussed above (cf. p. 466). 


Severe thiamine deficiency elicits both adrenal stimulation and thymus involu- 
tion in the rat, hence its effect upon the thymus was regarded as due to the 
development of a G-A-S.128 


In this connection, it is of interest that the phagocytic ability of blood- 
leucocytes appears to be depressed in mice suffering from a variety of vitamin 
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see rib loxine, pantothenic acid, choline, ascorbic 
: (thiamine ri 


geficiencie® = demon h in vivo, by intra-abdominal inoculation 
This wes ixi arinized blood 
acid): umococ' itro, by merely mixing heparinize oO 
with el a anism :s of these observations it was suggested 
? 6. : Per. < A ‘- 
with his same © 4 resist tamin-deficient individuals to various infec- 
se sta i 
that the d a least pa , a decrease in the phagocytic power of their 
tions py bes 2 20 It i that the blood leucocytes react to stress 
jood-leucocy = 


her phagocytic elements, but it must also be kept . ee 
P ds largely upo! he intensity and duration of the stress W het ex 
that # ane ‘nhibit phagocytosis. Even the Kupffer cells of the liver lose 
Cee Peiic DOW er in severe By; or Bo avitaminosis.1*° To clarify 

much a > ee be important to study simultaneously and in the same 
or of stress upon phagocytosis by blood-leucocytes and by other 


Jements of the reticulo-endothelial system during all three stages of the G-A-S. 
eleme 


i i +s aminopterin and amino-teropterin cause pronounced 
ea ay acid aoa, spleen, inition of granulocytopoiesis in the bone- 
ey ond drenal enlargement in the rat. This was paralleled by absolute 
Re otic nd granulocytopenia. Although all these hematologic changes 
eae ~ or abolished by adrenalectomy *** their possible relationship 
ae Peracific stress and the G-A-S had not been envisaged, yet we feel that 
ee be most misleading to accept without further proof that such changes 
tc due to the specific effect of folic acid deficiency. 


Stimuli Influencing the Response of the Hemopoietic Organs During the G-A-S 


Hypophysectomy in itself, that is, without exposure to Lisa pacar 
moderate involution of the thymus, lymph-nodes, pe re mee pad 
we shall see below, several pituitary hormones do in ee bps erm 
organs, either directly or through the intermediary of other ¢ ae 
Hence, the above-mentioned involutional phenomena are Pp 
complex hormone deficiencies.” aa 
The phagocytosis of colloidal thorium dioxide ote of the sp 
is not detectably influenced by hypophysectomy in the % ee 
In hypophysectomized rats, pure somatotrophin ten ; Le Ane” 
normal size, protein content and nucleic-acid turnover 0 y 
Normal,154 
[ ical t ico- tic involution even 
ACTH on the other hand causes typical thymico lympha eal ie ie 
after hypophysectomy, as long as the adrenal cortex E Me : ee lg 
effect is not mediated through the anterior-lobe, but only ug 
renal cortex 135 
pci! extracts increase the p ag 
auc of the hypophysectomi 
‘and of folli ( 


470 HEMOPOIETIC SYSTEM 
Moderate doses of thyroxine cause hypertrophy of th tic gate 
intact animals and it has been demonstrated that in the rat t the ia 
ic 


enlargement is not prevented by previous hypophysectomy 

Although the thymico-lymphatic apparatus of hypophyse 
thus somewhat subnormal to start with, it shows little lymph: 
to alarming stimuli. This is presumably due to the fact that 
can no longer be stimulated by stress after hypophysectomy 
however, that some slight involution of the lymphatic organs 
stress even after ablation of the pituitary.4° This should not be ascribed to a 
direct thymolytic effect of these alarming agents, since adrenalectomy (cf 
p. 472) completely prevents their effect upon the thymico-lymphatic tissue. 
Stimulation of corticoids by stress appears to be dependent upon the anterior- 
lobe, but some slight continuous cortical hormone secretion continues, since 
hypophysectomized animals do not develop as marked a hypocorticoidism as 
adrenalectomized or adrenalectomized-hypophysectomized individuals.#t As 
we shall see later, the lympholytic action of corticoids is greatly enhanced by 
some (hitherto unidentified) metabolic changes which occur during the A-R; 
perhaps in the presence of the latter even the slight residual corticoids of the 
hypophysectomized animal suffice to cause thymico-lymphatic involution. 

On the other hand, hypophysectomy does not influence the thymic and splenic 
involution normally produced in the rat by total-body x-irradiation, although 
the adrenal response is abolished.“ This is not unexpected since even adrenal- 
ectomy fails to prevent the direct thymolytic action of ionizing radiations (see 
below). 

Certain transplantable sarcomas cause thymic involution and lymph-node 
hyperplasia in mice. The authors eliminated the possibility that the lymphatic 
hyperplasia could be due to infection or metastases, but were unable to explain 
the “distinct dissociation of the response of the thymus and the lymph-nodes’’. 
Furthermore, allegedly, “these changes are not prevented by hypophysectomy, 
thereby excluding pituitary-adrenal mediation’.’* Perusal of the figures 
given shows, however, that the degree of thymus involution was definitely 
diminished by hypophysectomy, although it was not completely prevented. In 
this respect, the transplantable tumor did not behave in a manner essentially 
different from other alarming stimuli. The fact that lymph-node hyperplasia 
was obtained concurrently with thymus atrophy is reminiscent of the response 
to various foreign proteins and other materials which can be phagocytose 
(cf. p. 457, 464). It will be recalled that these cause an enlargement © 
the lymph-nodes and spleen, while the thymus (whose reticulum is not very 
phagocytic) remains essentially uninfluenced and still responds to stress by acute 
accidental involution. In the light of these considerations, it does not appeat 
necessary to postulate that transplantable tumors affect the thymico-lymphatic 
tissue in a manner qualitatively different from other stressors. 

Anterior-pituitary extracts exert different effects upon the thymico-lymphatic 
system depending upon the hormones which they contain. In rats treated with 
Saf we usually note a pronounced enlargement of the spleen and lymp des: 

e thymus is usually very well developed, but not ; 2 
would be at the height of its physiologic development for 


d animals js 
_in response 
TH secretion 
remarkable, 
obtained by 
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ten accompanied by intense myeloid meta- 
e tissue, especially around the renal pelvis, 


jasia 19 4 the adr Simultaneous treatment with testosterone 
euuver 3" (preferal atly enhances this tendency towards the 

thyroxine a ic m e. In all these locations, and especially in 
formation of a a onounced development of megakaryocytes 
the spleen, ’ aa in timents.* The peculiar stimulating action 
yas always striking 


ind erythropoietic elements is not yet fully 
nind, however, that somatotrophin stimulates 


w development, whi hyroxine and testosterone enhance the prolifer- 
thymus myeloid tissu’ pecially in animals simultaneously treated with 
ation © 


: tari tracts (cf. p- 337). The crude LAP preparation contains 
antesiot rend a dotrophlny through these it may augment thyroxine and 
eae Setter, The protein impurities in the LAP undoubtedly further 
iy " -ocis. These stimulating actions could overcompensate for 
an Oren i ‘n the LAP. It should also be 

holytic effect of the ACTH contained in the 1 : 

“ og ind that DCA tends to cause splenic enlargement in the rat, while 
Be cortical isone) cause intense involution of the spleen. Inter- 
ea ee creed ff f th mineralo-corticoids (such 
estingly, LAP also imitates many other effects 0 e pce yen 

DCA), perhaps through the preferential endogenous producti Se : 
Pinel hormones. This may further contribute to the complex o winced 
which LAP stimulates the development of the lymphopoietic an emop 
Hl 146 : 
Dike bone-marrow of nares rats is also hyperplastic, with a particular- 
ly marked increase in neutrop ils. ' 
” Purified growth hormone has a definite thymotrophic effect - al eed 
rat and it has been assumed that the thymus enlargement paisa alee 
extracts 147 is due to the presence in such preparations of gener orm : ~ 

Purified ACTH on the other hand, causes pronounced oe ee 
thymus, lymph-nodes and spleen presumably due to the reali “nnn 
of corticoids, since the effect is prevented by adrenalectomy, = a ane 
the degree of cortical stimulation. In three groups of at ra * 7 soe 
high-fat, high-carbohydrate and high-protein diets peapectively. agi aanaewe 
of purified ACTH caused the same degree of thymus invo oot ~ - an 
of the diet ingested.1** This observation is in pee wit Serena 
that the corticotrophic action of pure ACTH itself is au eee pee 
of LAP (or of systemic stress) is generally enhanced by a high prot” See 

ACTH presumably also stimulates the RE.S.. #0 least in esos been 
exposed to injury. This was noted in rats in which an ar 
Produced by the juxta-articular injection of a 
ndia-ink. Here the staining of the 


472 HEMOPOIETIC SYSTEM 
4/ 
The bone-marrow of intact rats undergoes atrophy anc 


: v ; gradually 
replaced by fat in rats treated with purified corticotrophin 


atrophy jg 
particularly striking in the center of the shaft, but may ex: to the ae 
epiphyseal regions and sometimes assumes the character of us atrophy” 
It was especially noted that the megakaryocytes tended to p in spite of 


intense marrow atrophy and that the diet did not consistenil\ 


ffect these 
structural changes.'** 


The marrow eosinophil count, allegedly rises after ACTH treatment, both 
in the rat and in man, while the eosinopenia of the blood develops. The latter 
is claimed to result from a rise in the eosinophil threshold of the bone-marrow. 1558 


Effect of ACTH and 
LAP upon the reaction 
of regional lymph-nodes 
to a local inflammatory 
focus. Iliac lymph-nodes 
of rats which were in- 
jected with formaldehyde 
and India ink into the 
joint region of the hind 
leg, for the production 
of topical irritation arth- 
ritis, — A. Not hormone- 
treated control. — 

ACTH pretreated and — C, LAP-pretreated animals. Note that ACTH increases phagocytosis 
(indicated by black discoloration), but diminishes the size of the lymph-nodes, while LAP 
exerts contrary effects. (After Selye B39702/49.) 


Vasopressin-containing posterior-lobe extracts cause hyperplasia of the 
bone-marrow in the rabbit. It has been suggested that this may be due to a 
specific posterior-lobe hormone which regulates hemopoiesis.'"* However, such 
extracts produce an A-R and severe gastric hemorrhages, so that their effect 
upon the bone-marrow is presumably non-specific and secondary.’ 


Adrenalectomy has long been thought to cause actual hypertrophy and 
hyperplasia of the thymico-lymphatic apparatus, but re-examination of the 
published data and repetition of the crucial experiments revealed that this is 
only partly true. What actually happens is that adrenalectomy protects the 
thymus against those influences which would normally produce involution, 
namely, advancing age, the hormones produced during the sexual cycle, and 
the various stresses and strains encountered in the course of life. Thus, in the 
adrenalectomized animal, the thymus constantly remains in a state of full 
development; in the intact organism, this is attained only at a certain age and 
in the absence of any incidental stressors.1*8 

Even some recent investigators who observed larger thymuses and lymph- 
nodes in adrenalectomized than in intact rats, were led to conclude again that 
adrenalectomy causes true thymico-lymphatic hyperplasia,’ but none of the 
thymus weights recorded by them are above the normal range for the healthy 
rat. Purther re-examination of this problem on rats kept on various standar 
laboratory diets showed that an apparent hyperplasia is only obtained if the 
composition of the food is not optimal. Here, of course, the inadequacy of the 
diet acts as a stressor (even though a mild one) which causes some degree ° 
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‘nhibited by adrenalectomy. In rats kept 


ymus invo at ‘s, whose thymus was perfectly developed, 
thy timal Jabor jarani 
yndet y caused ! largem ‘ 
to) ; irs , ass 
drenalect arming stimuli (treatment with atropine, 


: urea age Ree, 
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aq A-R in the Rat. 
Prevention by Adrenalectomy of Thymus Atrophy Normally pe Oe seta conditions 
The black areas indicate the weight of the thymus Sg Tee ecye 26052/36.) 
and have been obtained from averages of large groups of rats: 


; m to be 
At the time these investigations were begun, ie ed abe oe con- 
discharged in response to “emergency aaa EES as adrenalectomized 
siderable importance was attached to the fact that in th lution, Curious- 
animal, adrenaline was unable to produce the usual satis edatla sae removed, 
ly, upon exposure to stress, rats in which only the adrena - t controls, although 
showed much less pronounced thymus involution than aoe tion in conjunction 
their adrenal cortex remained well preserved. ins ante on the presence 
with the fact that the thymolytic action of adrenaline er ae e during emer- 
of adrenal tissue, agrees with the view that adrenaline ences may further 
Yencies, though not directly responsible for the sae ae adrenal cortex.'"* 
aggravate it through its effect (via the hypophysis) ane Jy extracts available 
Corticoids given in the form of the relatively inert sey e oe 
at the time this work was done sed lil 
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nolytic action has emphatically been related 
for weight, folliculoids are much more 
ictive gluco-corticoids so far tested. OF 
ic involution produced by cortisone 6 or 
cour’ cific stressors inied by any manifestation of hyperfol- 
oe Als: hence, it wo ‘owarranted to assume that the lympholytic 
ficu of the A-R co increased folliculoid production by the 
ble that both corticoids and folliculoids effect 
ells through a ntially similar mechanism. 
since the thyroid als« an important effect upon lymphatic structures, 
thy that in the rat, thyroidectomy does not influence the inhibiting 


yt In the literatt 
potency: 


thymolytic action of the corticoids is not mediated by the ad | 
large amounts of hormone2® The question arose why mai nd requires pou 
cortical extract (or oral administration of NaCl) fail to bern ice doses of 
upon exposure to stress in adrenalectomized animals. It ' ‘ US involution 
either exceedingly high quantities of corticoids are required cluded that 
effect, or it is due to a special type of cortical hormone of S Particular 
quantities are present in commercial extracts.1©* i ® only small 

Subsequent experiments with pure corticoids showed tha 
ectomized rat, maintenance doses of DCA cause no detect b 
structure of the lymphatic organs 1°" and toxic doses are in i : 
significant involution.°S The gluco-corticoids (e.g. i : We a 

g- ) corticosterone, | 


the adrenal- tex. It is mo! 


hange in the 


corticosterone, cortisone) are mu i it i Oe 
: , ch more eff i a is notew 
mineralo-corticoids.°° Yet it is unlikely that ans in this respect than the ee which adrenalectomy ‘ xerts upon the involution of the lymphatic organs 
e thymolytic effect is merely a during the A-Rit Convei ely, thyroxine stimulates the growth of lymphatic 
e177 


the adrenalectomized mous 
As previously mentioned. adrenalectomy prevents the thymico-lymphatic 
d by most agents, except that produced by some steroid 


involution cause 
hormones- However, folliculoid stilbenes (which are not steroids) also possess 
h the chemical 


poe age aise “ied gluco-corticoid potency; as we shall see below 
aii tisheane . id obi effect also possess a direct lympholytic aie 
ately wine 8 er and phagocytic power of the macrophages which 
Subsequent ee ai eacenl ext : _ ao eset by adrenalectomy in rats. 
was highly effective in preventing this im oh SCA or saline solutions) a direct lympholytic action. This suggests that it is not so muc 
whether the stimulation of the UP a) eae ae It remains to be seen structure as the pharmacologic activity of a compound that counts. This may 
a also under adreno-cortical control, ie ae byyothes Sree explain why even non-steroidal folliculoids are highly lympholytic. There are, 
a eine bry : phagocytosis. rte, the, caine however, a few entirely unrelated agents which likewise possess direct lympho- 
ct 0 fe ee. 4 ; : ; Sine : 
certain metabolic changes ae aitoael the ches tty einredition a Se eae ot am 
Perea rs is a direct one — a fact especially evident — ; the ugh the effect doses of x-rays is at least partly inhibited by adrenalectomy in the mouse 
oa pe we is dependent upon the simultaneous action EEE ES. = and rat.’ Furthermore, if the thymus itself is shielded from the rays, 
with th: ae? gi ole an je 36 A-R. Thus, Mirenrlectomized rats ae while other tissues are exposed, adrenalectomy also diminishes the result- 
(exercise, cold) has no thym Ks extract show little thymolysis, and an AR ing thymus involution. Presumably x-rays affect the thymico-lymphatic 
Yet, if the same sbeasicr che action in the absence of the suprarenals. organs both through a direct action and through the production of a G-A-S: 
AR (exercise; cold) Fate tes cortical extract is administered during an bt the latter effect is inhibited by adrenalectomy."*° After severe involution 
From this it was concluded th thymolysis results, even after adrenalectomy. as been produced by x-irradiation, the regeneration of the thymus 1s acceler- 
at the stressors affect the thymus through a dual ated by adrenalectomy in the rat.1% 
Even apart from the hormones and hormone- 


mechanism: (1) they c i 
y cause a discharge of gluco-corticoids, (2) they sensitize mentioned, th * ma as 
oned, there are a few chemical agents whic pee 


r to possess direct 


os 
dite 


the thymus : 
ae ae the lympholytic effect of the corticoids by some extra-adrenal 
Even after adrenalectomy natural ; _ thymolytic properties. Thus colchicine, which at first was thought to act 
stilbestrol, etc.) are very potent " and artificial folliculoids (estrone, estradiol. only through the adrenal cortex 182 was later shown to cause some measure of 
thymolytic and lympholytic agents, as show? thymus involution in adrenalectomized rats.18° Certain vesicants (e.g., nitrogen 
hatic involution 


a : 
45 sulfur mustards) can cause considerable thymico-lymp 
1 adrenalectomized rats, hence their action is likewise, at least partly, a 
rect one.184 


by experiments on 
: ; rats. At the i 
— rigs the thymic caidas a they cause particularly pronounced 
stoids (e.g., t : 
resid Ga este alate (og progeone) ae n 
number of steroids revealed tha rat,’"° but systematic investigation of a large 
at in all of them the lympholytic and folliculoid 


Aminopterin and amino-teropterin (two folic acid analogues) which cause 
in animals, lose much of this 


Geliecien tte presiiicl: hence i marked thymi a 

a subordi allel; hence it was postulated i eff 'ymico-lymphatic invo'™ rey . 

rdinate action dependent upon the ‘elke former effect is aoe! P tect after adrenalectomy in : However, since the 
properties of these co ot completely al it was con- 
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cluded that part of its lympholytic effect is direct, an 
through the discharge of corticoids as a result of the en mediated 
The administration of desoxypyridoxine causes an acute “ 
In the mouse and rat this is accompanied by a pronounc« deficiency, 
involution, which is not prevented by adrenalectomy.'*’ co-lymphatic 
It is tempting to assume that the various direct lympholyti 
liculoids, gluco-corticoids, x-rays, vesicants, colchicine, ar VS 
, am erin, dasa 
xy- 


agence: affect the lymphatic tissue through the same mec! 
y severely damaging the desoxynucleic-acid frame-work 
nuclei, 


nism, perhaps 
lymphocyte 


ee marked thymico-lymphatic involution in the intact 
pei Lb cick — ee in connection with the fact that adrenal- 
pores 7 aie pape t 6 possible that during emergencies, exeestite 
aa ie aa i oe ence could increase their stressor effect and 
charge of ACTH during the A ae It is unlikely, however, that dis- 
(cf. antonomic drugs”, on. 481-462). solely regulated by adrenergic stimuli 


S enic contraction is d ad 1 > te ) 
C rac iS produ adrené a an ts derivatives 
Pp p uced by a line (a nd many of 5 i 
even in doses insufficient to se a ark se WO ; ; ) aka I , 
cause any m ed rise in b od pr e his 


it 
effect is due to a direct specific pha macologic action of adrer g Cc 

: , rmacol gic action f ad 1ergic Cor pounds 
and not to their stressor action Ate 


All active corticoids so fe . 

Pra tees tote aig far eet produce thymico-lymphatic involution in 
waciieatdwo* lah ais ay . ieee being much more effective than mineralo- 
the adrenalectomized ee hha tome animal responds in the same manner as 
vascular actions of DCA : abet Although the nephrosclerotic and cardio- 
dilstvation, the slight lym 7 ureatly augmented by simultaneous NaCl admi- 
by excess sodium,'"! tn 3 ea ee [snot Curthes enhanced 
involution of the first few ; sah of chronic treatment with DCA, the thymus 
may become larger than al s tends to disappear; in fact, later, the thymus 
loss of sensitivity does ee * ‘er untreated control animals. This apparent 
the adrenal cortex athe sina i all organs at the same time; for instance. 
observations have fheree a atrophic throughout the treatment period. Such 
adaptation” of certain ‘tntexpneted as examples of a selective “dissociated 
in thymus weight en hak to overdosage with the hormone. The increase 
involution. This mineral : Ko: level may be a result of the adreno-cortical 
agent, but it ee is comparatively inert as a thymolytic 
corticoids.'"" Desoxoce aan secretion by the adrenal of more active gluco- 
poor in thymolyti Betdans another mineralo-corticoid, it likewise very 

ytic potency.!™ Conversely gluco-corticoids, e.g., cortisone 


cause very pronounc i 
ed involution of t 
and spleen in mice," and rats,'%" he chymase Eases an 
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Effect of gluco- and mineralo- 
corticoids upon the spleen of 
the rat. All the animals in this 
experiment have been unilater- 
ally nephrectomized and given 
1% NaCl as a drinking fluid, 
in order to sensitize them for 
mineralo-corticoid actions. — 
A. Spleen of a normal rat with 
two well developed malpighian 
corpuscles and several large 
megakaryocytes (two partic 
ularly prominent near the mid- 
dle and right edge of the field 
respectively between the two 
corpuscles). — B. Similar field 
in the spleen of a rat given 15 
mg. of cortisone/day during 7 
days. Note almost complete 
disappearance of lymphatic 
elements and great shrinkage 
of the megakaryocytes (which 
appear as large black dots 
roughout — the field); the 


in these spleens 
of 


vessels. This was accompanied by 
sclerosis and edema of the ace 
ing pancreatic stroma. — C. Corres- 
ponding tissues of a rat which had 
received the same amount of DCA 
as the animal shown in fig. B, but at 
the same time was also treated with 
an equivalent amount of cortisone 


the usual thymico-lymphatic involution when exposed to alarming stimuli.?"! 
In fact experimental kidney lesions can cause marked thymus involution, 
simultaneously with other A-R changes.?”” 

It is true that in rats bearing an “endocrine kidney” the thymus, lymph- 
nodes and the spleen undergo pronounced involution, but this response is 
acetate. Note great reduction in the prevented by adrenalectomy and appears to result merely from the systemic 
cu no os ab- stress caused by an abnormally increased renal-pressor-substance production. 

ne Sac RN | Only the splenic contraction is so intense that it suggests the intervention of 

| some specific factor and interestingly, this response is not prevented by ablation 

| of the adrenals. Perhaps the R.P.S. which are known to contract various 

smooth muscle cells, also affect the spleen by a direct effect upon the smooth 
musculature of its vessels and capsule.*”* 
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; jreno-cortical ext rious purified corticoids upon the lysis of 
g ee mphocytes 1" ided inconsistent results,'"* hence it was con- 
Effect of mi d glace io that the lympho j the A-R cannot solely depend upon a direct 
pide spon the oda ae >i of such steroids gluco-corticoids do regularly accelerate the 
Gseriments pees fines al kdown of lymphoc , provided that lymphoid stroma is present 
Reed ee eph. i system?” The: tions raise the question whether the hypo- 
ote ler to settee fal “eo-factor” whi es the lympholytic effect of gluco-corticoids 
— A, Spleen ttockeg atl : derived from the stro phatic organs. 
oe oe whitch) ie | P While active cortical ire claimed to cause involution of the lymph- 
ene = B. - ede ten nodes in mice with spont is lymphatic leukemia, no such effect was seen in 
coal ag | eceived 1,25 bea: patients. “Tt is suggeste mouse lymphoid leukemia differs significantly 
veiling suspensis ee a, micro from the human variety é 
Note slight enlargement of the Pe: Renal hormones appear ‘0 play no specific réle in the responses of the hemo- 
and intense periarteritis nodosa of its poietic organs during the G-A-S. Nephrectomized animals respond with 


Indirect evidence su 

: ggests that the effect icoi 5 i F Th 

immune reaction (cf, G-A-S — Serologic re a a peel peer enol It has already been mentioned that gonadal hormones, particularly foilicul- 

tion of the R.E.S.1 g actions) is largely due to stimula- / oids, are very active in causing thymico-lymphatic involution even in hypo- 
physectomized or adrenalectomized animals. Of course, this effect is also 


The intens si ; ; : 
se thymus involution produced by chronic starvation in the rat is manifest in the intact organism. Here again, the particularly pronounced 


not further aggravated b 195 i 

alter either cic a th Furthermore, cortical extract does not proliferation of the epithelioid cells in the thymic reticulum are especially 

in acutely starved guinea-pigs nan a sie of the macrophage ous striking.2°* Often one gains the impression that very many large, new Hassall 

tect thatiatenvanonrin iteclé a pate ss - ae pee pees bodies are formed from the reticulum under the influence of such treatment.” 
: s mal endogenous rte 

hormone discharge. P 3 The erythropoietic activity of the bone-marrow is inhibited by folliculoids, 


poly in certain animal species,?’° but the possible relationship of this 
ect to the G-A-S has not yet been examined. 


Luteoids 2° and testoids,2%* cause thymolysis, but are quantitatively less 
lution which had 


Po ine gamer of the adrenals from their normal location into the spleen 
ses a particularly pronounced lympholysis in the immediate vicinity of the 


grafts but n i ‘ ; : ; ; 
=. i yal ap involution of lymphatic tissues.19%** Presumably in this effect; 3 
oids acted directly upon the lymphatic cells but could not reach ve. The regeneration of the rat thymus after an invo 


other organs, because (being implanted into the portal area), they had to fen produced by x-irradiation is also inhibited by testosterone.*” The 


traverse the li ; r A eryt Re i , 
bahia e liver, and were here detoxified, before reaching the systemc pea potc activity of the bone-marrow, on the other hand, is often stim- 
‘ y testoids,?!° 


In vii servations 
Pia siesta sdemaper have shown that cortisone inhibits the migration of 
inhibition is Gane: ar sap lymph deiieaa eat alos - 
while the mocroshasee oer ee of lymphocytes 
acrophages are not damaged. Studies concerning the effect 
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In either sex, castration tends to increase the develop 
lymphatic apparatus in various species”! However, the 1 
or testis fails to prevent the thymico-lymphatic involut 


during an A-R caused by non-specific stress,”!* though it : 
it.218 


the thymico- 

of the ovary 
ormally seen 
irtially inhibit 


Thyroidectomy does not cause involution of the thymic 
in the rat, but it augments the lympholytic effect of an A-R p: ced by various 
stressors.2!4 Thyroid deficiency severely deranges metaboi hence it is 
quite possible that this augmentation of the lympholytic effect is merely due 
to the fact that resistance to any damaging agent represents a greater stress 
for the thyroidectomized than for the intact animal. 


mphatic tissue 


In very young rats, thyroidectomy or treatment with a goitrogenie agent 
(aminothiazole), causes definite thymus involution, although the lymph-nodes 
and spleen are not markedly affected.2!® During the G-A-S the thymus always 
responds much more intensely than the lymph-nodes and the spleen. In young 
rats, in which the growth impulse is very intense, the metabolic derangement 
due to thyroid deficiency may represent a greater stress than in adults and 
thus cause a mild G-A-S, which would suffice to explain the changes observed. 

Small doses of thyroxine on the other hand, tend to cause thymico-lymphatic 
hyperplasia,2!° similar to that frequently seen in Grave's disease; myelopoiesis 
may also be stimulated by this hormone.*"* 

In rats receiving repeated doses of insulin, severe thymico-lymphatic involu- 
tion develops. This has been ascribed to the fact that the resulting hypo- 
glycemia produces a G-A-S.*! 

The effect of anti-pernicious-anemia principle of the liver and of pteroyl- 
glutamic acid upon the changes in the hemopoietic organs, has not yet been 
investigated during the G-A-S, although such studies would promise to be 
rewarding (cf. folic acid analogues, p. 469). 

In the mouse splenectomy allegedly protects the thymus against the cary- 
oclastic effect of such stressors as trypoflavine, but it has no effect upon lympho- 
lysis in other tissues,”!* 

The usual effects of x-irradiation in the mouse are significantly influenced 
if the spleen is exteriorized and protected by placing it in a lead box during 
irradiation. Under these conditions marked ectopic erythropoiesis and granulo- 
poiesis developed in the spleen, while the lymphatic tissue involuted. The 
latter effect was regarded as an indirect action of irradiation. Obviously, the 
splenic response represents a compensation for the destruction of the bone- 
marrow by the rays, but it is not known what humoral factors are responsible 
for the stimulation of the splenic myeloid tissue.*”” In any event, in the above 
experiments, only the involution of the splenic lymphatic tissue could be 
regarded as due to increased corticoid secretion. 

Among the pharmacologic agents capable of influencing the response of the 
hemopoietic organs during the G-A-S, the autonomic drugs are particularly 
important. It will be recalled that some investigators expressed the opinion 
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ischarged as a result of adrenergic stimulation. 
drenaline secretion by the adrenal medulla. 
nor-adrenaline) discharge in the nerves of the 


ring the AR. aC [ 
Ee eould occur either thr 
a result of adrenaline 


of a8 4 Feaif. It is in therefore, that “the histological changes of 
pituitary -. the thymus » adrenals, provoked by epinephrine, were 
the A-R in dibenamine but thos provoked by colchicine were not’’.*! Since 
reversed drenaline wa ctively inhibited by the adrenolytic agent under 
exogenous c of this experiment, it 1s unlikely that the thymus involution caused 
the condition® = which remained uninfluenced by dibenamine — could have 
b ee oned by overproduction of endogenous adrenaline. 
on™ ds possible mediators involved in the stimulation of the R.E.S. 
As regar eS we already mentioned that choline, acetylcholine °*** and 
during the, are allegedly capable of causing similar hypertrophy and hyper- 
ae ie macrophage system. Significantly, the effect of the latter is 
plasi 


he “ histaminics. However, other investigators obtained diametric- 
ee cis at least with histamine °** and further work will have to 
Bite account that responses during the G-A-S are usually triphasic. 
Pie have already discussed the various nutritional derangements which = 
influence the hemopoietic organs through their stress-effect. Let end 
point out here that the thymico-lymphatic atrophy produced by other alarming 
stimuli is in turn influenced by the diet. The most striking cone aes 
of this type is the marked sensitizing effect of fasting upon the thymico- ymp atic 
involution caused by various stressors.’ It is probable that this ran 
is largely, if not entirely, due to the fact that fasting increases bo 
secretion of the pituitary in animals exposed to stress; hence the resulting over- 
production of lympholytic corticoids is also augmented. 

Exposure to a hot environment greatly increases the phagocytic —— ° 
the blood-leucocytes in the rat, but only if the animals are kept on hig sone 
diets.22° Unfortunately, comparable observations have not yet been made 
concerning the behaviour of other phagocytic elements. 


Hemopoietic Diseases of Adaptation 


The possible role of systemic stress in the pathogenesis of blood — 
been discussed in connection with the blood-count gadet, Hie em 
"Blood Diseases of Adaptation” (cf. page 432). This appeared quae well 
any major derangement in the function of the hemopoietic pee Sg My 
reflects itself in the blood-count. Here we shall merely mention a tew ne ae 
Tents of the hemopoietic organs, which are not regularly accompanied Dy 


1 with the adrenal 
to be closel 
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this syndrome predisposes to sudden death upon exposut 


icute stress 
situations. There has been much argument about the nat 


: : syndrome: 
some regard it as a special disease, others believe that wh 1 individual 
dies very suddenly (without previous disease) the adr rtex merely 
appears hypoplastic, and the thymico-lymphatic apparat -rplastic, in 
comparison with the averages reported for autopsy materi her words 
the latter school holds that the organ weights of patients wi us thymico. 
lymphaticus are actually normal and that the average, as | n pathology 


texts, is the abnormal figure, since in most patients death 
a disease which, through the G-A-S mechanism, caused adreno tical enlarge- 
ment and thymico-lymphatic involution.227 Be this as it may, the possibility 
must be acknowledged that a hypoplastic and hypofunctional adrenal cortex 
could simultaneously decrease resistance and cause excessive development of 
the thymico-lymphatic apparatus, due to interference with the normal G-A-S 
response to stress, 


oreceded by 


Thesauroses, reticulo-endothelioses, lymphomatoses. — Excessive phago- 
cytosis of various metabolites or abnormal proliferation of the R.E.S. have been 
described under these headings. The various types of xanthomatoses, Schiiller- 
Christian's syndrome, Gaucher's disease, Niemann-Pick’s disease, are largely 
characterized by the abnormal storage of various lipids by the histiocytes of the 
RES.28 On the other hand, Hodgkin's disease, Boeck’s sarcoid and various 
allied “reticulo-endothelioses” **° are chiefly characterized by a proliferation of 
the R.E.S., frequently accompanied by hyperplasia of the lymphoid tissue. 

The relationship of these diseases to the G-A-S has not yet been sufficiently 
examined to justify any detailed discussion here. However, the possibility 
exists that they may, to some extent, be diseases of adaptation. Both the 
proliferation and the phagocytic power of the macrophage system are largely 
dependent upon corticoids and exposure to any stressor exerts a marked 
influence upon the physiology of the R.E.S. It is highly probable, therefore, 
that diseases which are chiefly characterized by abnormal proliferation or 
excessive storage phenomena in reticulo-endothelial cells, are at least influenced 
— if not precipitated — by exposure to stress. In view of these considerations. 
it would appear most promising to re-examine the pathogenesis of such diseases 
from this point of view. Presumably — as in so many similar instances —~ 
the stereotypical G-A-S response leads to specific disease manifestations only 
in the presence of specific ‘‘conditioning factors’, for instance, the accumula- 
os 2 abnormal metabolites which lend themselves to phagocytosis by the 

More or less prolonged remissions have been obtained with ACTH of 
cortisone in patients with lymphosarcoma and Hodgkin’s disease.”*’ In agree 
ment with expectations DCA proved ineffective in Hodgkin's disease.?** 

In guinea-pigs injected with extracts from the urine of patients with 
Hodgkin's disease, lymphoid or myeloid leukemia, there developed a “Hodgkin- 
like reaction” in various organs. This was ascribed to the presence in Sue 
urine extracts of myelokentric and lymphokentric acids, substances allegedly 
promoting myeloid and lymphatic growth respectively.?* Judged by the 
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$ H (100 
Follicular lymphosarcoma. — A. Before treatment. — B. After 10 days of ACTH ( 


mg./day). 
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illustrations given, these Hodgkin-like changes striking] 
caused by LAP in the rat. The cause of this similarity shou! nvestigated, 

DCA has little if any effect in Hodgkin's disease (or nphatie and 
mveloid leukemias) even if given simultaneously with ascorbic acid. On the 
other hand, allegedly, “sensational and permanent relief” has been obtained 
with DCA in a rare disorder, the so-called giant follicular lymph-adeno- 
pathy (Brill-Symmers disease) 2" If confirmed, this observation would be of 
the utmost importance since DCA is normally devoid of any 
lympholytic effect. 


mble those 


significant 


In mice, transplantable lymphosarcomas involute more markedly upon 
colchicine treatment then the normal lymphoid tissue of the spleen. “As 
reduction in weight of the spleen in the mouse is consistently seen when 
‘alarming’ stimuli are employed’, this was ascribed to a specific action of the 
drug.** 

In cases of acute porphyria, decreased plasma Na and Cl was found to 
oceur conjointly with functional and morphologic signs of adreno-cortical 
hyperfunction. These findings have been analyzed in the light of the G-A-S 


concept, but it was concluded that “the disordered electrolyte metabolism is 
not primarily adrenal in origin’”.*** 


Theories Concerning the Participation of the 
Hemopoietic Organs in the G-A-S 


Here again, we may refer the reader to the corresponding discussion in the 
chapter “Blood-count”, since during the G-A-S the circulating blood-cells are 
subject to essentially the same regulatory mechanism as the sessile elements 
of the hemopoietic organs. Indeed, most of the changes in the blood-count 
(illustrated in the drawing on page 438) are largely the result of primary 
actions upon the hemopoietic organs themselves. 

As regards the very prominent lympholytic phenomena of the A-R, available 
evidence suggests that these affect sessile lymphocytes much more than those 
freely circulating in the blood. Even the lymphocytes of the various lymphatic 
organs do not respond to stress or gluco-corticoids with equal intensity. he 
thymus, the germinal centers of lymph-nodes or Payer’s plaques and other 
lymphatic tissues respond with decreasing intensity in the order mentioned: 
There is much to suggest that the R.E.S. cells, which are so plentiful in the 


stroma of the lymphatic tissues, contribute considerably to the lympholysis 
produced by stressors or gluco-corticoids. 


In vitro observations revealed that certain “‘co-factors” present in the stroma 
of lymphatic organs, are necessary for the full lympholytic 
corticoids. Abundance of such hypothetical “ 
the germinal centers of lymph-nodes, may ex 
corticoids cause maximal lymphocyte destr 
Observations in vivo suggest that dur: 
factors arise, which augment the lymph: 
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olvsis can be induced through a dual mech- 


ly \ { production, (2) peripheral activation of 
ently ) increased qiuc ao prt 
anism* ! Juco-corti lr aluco-corticoid-treated animals (not expose 
the ciroulatine test mech effective although the second is abrent. In 
3 s a ye +. > 
o stress 2 alectomiz¢ simals both mechanisms are inactivated and the 
é n ‘ sce P ‘ avs 
yntreated adre 4 responds to stress In the diagram below these two pathways 
. 4 j : : iwelyv 
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ee eA 
In previous chapters of this book we mentioned several Seg een 
a peripheral sensitization to corticoids and ees me 2 os persistent 
bolites produced during the A-R. Thus pure AC : s degranulation 
degranulation of the adrenal-cortex in the absence he ae of exposure to 
factor” which appears to be produced by tissues in va ieee 4 as anne’ 
stress. Similarly, the hyperglycemic action of cua 'g is oe Signal 
omized animals unless they are simultaneously expose Eee entioned above. 
would be desirable to establish whether, in the instances iane and hyper- 
the factors sensitizing for lympholysis. adreno-cortical degrany 4 “a eral 
glycemia are related to each other. The chemical nats 2 oe a in 
synergists is not known, but it is suspected that popes R ¥ ince all these 
the intense catabolic phenomena characteristic of the a , ea pauatoo " 
Sensitization phenomena are at their maximum when : 
at its peak. ; Peo gen 
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Summary of Observations Concerning the Participation 
of the Hemopoietic System in the G-A-S 


During exposure to stress, the hemopoietic, and especial 
lymphatic organs, undergo important variations which ar viously non- 
specific and due to the G-A-S itself. This is shown by the fact that a great 
variety of stressors produce essentially similar lesions in the hemopoietic 
system and that interference with the G-A-S response (e.g., by hypophysect- 
omy or adrenalectomy) inhibits these reactions. 


he thymico- 


During the A-R, there is an acute disintegration of lymphocytes, especially 
those situated in the thymus and the germinal centers of various lymphatic 
organs. The debris of the disintegrating lymphocytes is subsequently engulfed 
by mobile phagocytes, which remove it through the lymphatics. During the 
resistant stage, the lymph-cell population of the lymphatic organs tends to 
return towards (though rarely to) normal, while during the exhaustion phase, 
the marked lympholysis of the A-R is repeated. 


The “‘caryoclastic”” or “lympholytic”’ response of the A-R can be accurately 
reproduced by large doses of ACTH or gluco-corticoids even in the absence 
of stress. Hypophysectomy or adrenalectomy prevent the lympholytic effect 
of most stressors, but not that of gluco-corticoids. Hence stressors presumably 
affect the lymphatic cells through the discharge of corticoids. 


There are a few notable exceptions to this general rule. For instance, ionizing 
radiations, vesicants, and several steroid hormones devoid of gluco-corticoid 
action (e.g., folliculoids, testoids) cause marked lympholysis in animals deprived 
of their suprarenals. Other agents (e.g., pyridoxine antagonists, folic acid anta- 
gonists, colchicine) take an intermediate position; they lose only part of their 
lympholytic effect after adrenalectomy. Presumably, the lympholytic effect 
of most stressors is primarily dependent upon the discharge of gluco-corticoids, 
but other “co-factors” are also of importance. During the A-R the relative role 


played by these two types of agents may depend upon the nature of the 
stressor used. 


Although the chemical identity of such “co-factors” has not yet been 
elucidated, their participation in lympholysis is clearly shown by several types 
of experiments. Thus, in adrenalectomized animals, threshold doses of gluco- 
corticoids cause no lympholysis unless an A-R is simultaneously produced 
by some stressor; yet, in itself the latter likewise fails to induce lympholysis * 
the absence of the suprarenals. 


In vitro observations revealed furthermore that addition of gluco-corticoids 
to lymphocyte suspensions causes no marked lympholysis unless certain — in 
themselves inert — tissue products are simultaneously present. Such sensitizing 
substances appear to be especially plentiful in the of lym 


% 


The phagocytic activity of the R.ES. is li imulated i 
A-R and the exhaustion phase in most org 
the resistant stage, on the other hand, tl 
phagocytosis. The mechanism through wh 
exposure to stress has not yet keen fully el 
to suggest that the gluco-corticoids pa 
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IMMARY 487 
less is known 1ing the truly characteristic reactions of aa 

c tic elements G-A-S. Exposure to a great variety © 
oiett ‘ e. . ert As 
oe has bee? shown some depression of erythropoiesis and trans 


r : ; ous - J. ith most 
tress0! es red into in stinous or fatty bone-marrow With 


format hese response: paratively mild, but curiously, jonizing radia- 
gtressors t and other capable of causing lympholysis in the absence 
tions, Sat duce paz larly severe degenerative changes in the erythro- 
of the adrena tt remains fo be shown whether there is any causal con- 
ojetic eleme” . the ‘direct ly mpholytic effect” and the ability of certain 
nection Be ce especially severe destruction of the erythropoietic system. 
agents to pe Pea of hormonal factors in the regulation of erythropoiesis 

ule par AS has not yet been adequately studied. It is known that ACTH 
Bec corticoids can cause erythrocytosis due to a stimulation of the bone- 
an Bi ; 


Testoids and thyroxine likewise stimulate the erythropoietic system, 
put we do not know whether these latter hormones play any important tn 
a he regulation of bone-marrow function during the Gabe Sa. The erythro- 
e ‘ , et of crude pituitary extracts is much greater than that of purified 
ROTH. It has been tentatively assumed that protein impurities, or Dice aa 
ation with other anterior-pituitary hormones augment the erythropoietic eftect 
ACTH in such impure extracts. 

: As regards the hemopoietic diseases of adaptation, we oe a ere 
to the corresponding section of the chapter on blood-count. ae 
mentioned status thymico-lymphaticus, certain thesauroses an at a 
thelioses in which the G-A-S may exert at least a modifying influence up 
the development of the disease manifestations. 


marrow 


LYMPHATIC VESSELS AND LYMPH-FLOW 


Dilatation of lymphatic capillaries and medium sized lymph-vessels is rather 


H 1 
characteristic of the A-R produced by various stressors, e.g., in the rat. 

All those agents which elicit a “serous inflammation augment the (he vad 
and protein content of the thoracic duct lymph. Since these same — s a 
also alarming stimuli, this observation is of considerable interest in the in 
pretation of the G-A-S.* 

: Among other stressors hemorrhage was found to cause @ oe —— 
in systemic (and particularly in pulmonary) lymph-flow pions ee. 
allegedly diminishes both the volume and the protein content of the lymph. 
although it causes considerable stress-* 

Anoxia increases lymph-flow even when it is 
Collapse of the blood-pressure.** 
probable that during | 


severe enough to cause a 


inflammation”) 


of plasma 


>. 
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(cf. previous section) suggests that even erythrocytes maj 
blood-capillaries into the lymphatic vessels. 
The factors regulating lymph-flow during the G-A-S 


known, but the mineralo-corticoids are presumably among the 


large doses of desoxocortisone, there was a marked dilatatior 


vessels throughout the body, which paralleled the simultan: 


se from the 


incompletely 
in rats given 


the lymphatic 


development 


of tissue edema. This response was particularly pronounced in the glottis regi 
and the lung, hence acute glottis- or Jung-edema during the A-R may igi na 
. =e related 


to excess mineralo-corticoid secretion.® 


Glottis edema produced by desoxocortisone in the rat. 


with marked dilatation of ly: i 
See ae sword mphatic vessels (lower left corner between ¢ 


(After 


Bis ba ap tend to increase the pharmaco 
s _ it is noteworthy that ingestion of excess NaCl is one o 


means of promoting lymph-flow in the rat.’ 
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Note intense edema of the stroma 
artilage and epithelial 
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CARDIOV ASCULAR SYSTEM 


Cardiovascular changes ar among the most important manifestations of 
the G-A-S and its diseases, hence we shall discuss them in some detail. 
oxygenation and nutrition of tissues depends largely upon the 
maintenance of blood-pressure, blood-flow and. capillary permeability. The 
normal adjustment of these factors to varying requirements is indispensable 
for the maintenance of physiologic homeostasis; conversely, derangements of 
these adjustments are probably the most common pathogenic factors which 
can lead to diseases of adaptation (e.g., the hypotension of shock, the various 
types of hypertension and arteriosclerosis caused by chronic exposure to stress). 

Pertinent observations have been made ever since man became aware of the 
fact that the heart-rate is accelerated by excitement or that the pulse becomes 
weak and the skin pale in shock. It is not surprising therefore that the liter- 
ature concerning the behaviour of the cardiovascular system during exposure 
to stress is truly enormous. However, we shall limit ourselves here to a dis- 
cussion of data which are particularly instructive for the evaluation of cardio- 
vascular phenomena as components of the G-A-S or of the diseases of adapt- 
ation. In many organs (e-g-. kidney, brain, hemopoietic tissue) the vascular 
changes form an integral part of the local lesions characteristic of the response 
to systemic stress; hence the chapters specifically devoted to these organs 
should also be consulted. 


Systemic Stress 


Characteristic response. — In discussing the cardiovascular responses 
characteristic of the G-A-S, it is important to emphasize that almost all the 
published facts are concerned with the A-R stage- At this time, the type of 
response depends largely upon the intensity of the alarming stimulus. The 
cardiovascular system always appears to exhibit the “ shock-phase type” of 
Teaction after severe, and the “counter-shock type” after comparatively mild 
exposure. . 
/ Sed to the classical concept, @ stimulus of average intensity first 
be s manifestations of shock which, in the event of recovery, are followed 
countershock. Frequently, however, an initial period of counter-shock-like 


manifestations precedes shock. Probably an initially well tolerated agent gra- 
suse damaging level, due to @ 


eases to a fatal 


y — {IC STRESS 491 
CARDIOVASCULAR SYSTEM 


490 jood-press' of injury, the constriction of the skin- 
el ; ance and poe Jee: he rise in blood-pressure tends to counter- 
siderations apply to almost every manifestation of the G ut they are vessels ptm E nock, The simultaneous splenic constriction 
particularly evident as regards the responses of the cardio ' system, en a ossible 4 tt sygenation) and leucocytes (phagocytosis 
Because of the frequent overlapping of shock and counter phenomena, pours phe ss ato the circulation. Conversely, the vessels 
it is somewhat artificial to make an absolute distinction | -n so-called ad other oe aot 1o< are dilated, presumably in preparation for 
“primary” and “secondary” shock. Both are characterized | entially the f the heart m Rak Sc light to cope with emergency situations. 
same cardiovascular manifestations, only that in primary s! these occur i the physical tee that in comparing the cardiovascular phenomena 
immediately after injury and are generally regarded as due rvous insults To summarize, let us r‘ ie eae the hypotension of the former and the 
(especially pain and psychic factors). Conversely, in seconaar) shock, there of the shock and counter-shock j ae itokiog, ‘Tite asterial blood-pressure 
is a period of several hours of relative well-being between exposure to stress hypertension of the latte: pe m ane a Pers e. pumped into 
(trauma, burns, etc.) and the onset of shock. However, nervous insults may depends primarily ee oth the cuttlow frat tenn During the shock-phase 
also cause shock after a latency period and irrespective of Biology there are the arteries and t e resis aa ae "celetal musculature is relaxed, hence 
: many transitional types between immediate primary and delayed secondary ie peripheral resistance Pe | geet OM heart and the stroke-volume falls. 
: shock. Hence, it is perhaps inadvisable to conclude with finality that primary insufficient amounts of blooc re ca re Seed ee ts peripheral 
a — aa a area aoe Fae, dary” shock, th a Soe ae cnous return is simultaneously accelerated a ae 
In the most extensively stu ied type, the so-calle secondary shock, the resistance an - — traction of the abdom- 
: pulse is rapid and feeble but upon opening the chest, the heart is found beating \ sure by incidental contractions Charmer blood back from the 
vigorously, although its cavities, as those of the great veins, are incompletely ; inal muscles and diaphragm ce : Site ~ontraction of other skeletal muscles 
filled. The venous pressure is low, the cardiac output reduced and there is ; abdominal cavity towards the ear s ivitie came result “The laboring muscles 
widespread dilatation of capillaries and small venules. The systolic arterial compresses the vessels within them wi seta lore Blood when they work and 
blood-pressure falls considerably, often below 60 mm. Hg. This is preceded act as if they were outlying See ae toe ord the lungs for refreshment 
by —o of male ge seed cae reduction of erates Oe x | ae that blood back to the centr 
spite of a stron eart beat. ence the ypotension is presumably ue and new service A ; 
pacer 5 a decd in the dilated vascular territories, with a concomitant In this sense, it is probably of adaptive value that ee. eo Nas 
; decrease in peripheral resistance, a diminished inflow of venous blood to motility are almost constant accompaniments of all = ek fe) ‘during emergencies, 
aA the heart and consequently a decrease in “stroke volume’. may serve a dual purpose, in conditioning Laan ‘mca ae ead pentiy BY 
Hemoconcentration is not a constant accompaniment of shock nor is there partly through the above-mentioned Se ile g 
4 necessarily any evidence of plasma loss into the tissues. The circulating blood- “limbering up’” the musculature for offense or € it leon dscns 
Ay volume is markedly reduced even if no hemorrhage has occurred, but this Is As regards the morphologic changes accompanying ST 


not due to leakage from the vascular system, but to stagnation of blood in the 
dilated peripheral vessels. This latter factor is also responsible for the great 
slowing of the circulation and the resulting interference with the nutrition © 
tissue. 

Frequently, there is constriction of the arterioles, especially in the splanch- 
nic and cutaneous areas, but this is probably a compensatory respons? 
(stimulation of sympathetic nerves, adrenaline liberation. decreased tonus ° | 
depressor nerves) and hence, a counter-shock phenomenon. The skin is ©° ' 
but may be pale or cyanotic, depending upon whether peripheral vasocon- 
striction or vasodilatation prevails. 

Essentially this same type of response is seen in “traumatic shock”* buss 
shock” 2 as well as in the various types of “medical shock” caused by fulmin- 
ating infections, intoxications, etc.* 

On the other hand, the cardiovascular manifestations of counter-shock 
are perhaps most characteristically typified by th 3 
tion” of Cannon.* Here the pulse rate is also re ani . 
is greatly increased. There is vasoconstriction 
splanchnic and cutaneous territories; as a re 


i any observers. 
endothelial damage is considered of primary importance by many 


A comparative study of various kinds of traumatic an 
to the conclusion that “the pattern of changes 1m porearnere a, 
included dilatation and engorgement of capillaries an enone so) 
abdominal and cranial viscera, petechia in serous an ar Leen 
within parenchymatous tissues, and edema of soft ieee i A eeence 
of this capillary damage is incompletely understood, yu bo 
with intercellular cement substances maY play a major rol 

Degeneration of the myocardium is incon 
striations become indistinct e fiber: 


~ 


‘ Cannon and Cattell 13334/22, 
Cannon et al. 57880/15, 
Moon Al6304 /38. 
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vascular lesions are caused by derailments of the G-A-S will he. aie 
cussed below. in connection with the factors (mostly h an diekoedt 
which can effect such a derailment, as well as in the section « ) 


Ar diovascula, 
rp distinction 
“us Tequiring 
base level” of 


diseases of adaptation”. Yet, it would be artificial to make 

between normal and abnormal adaptive phenomena, since any 
adaptation is, by definition, somewhat outside of the “norn 
physiologic life. In this sense, even the mildest phenome: 


che na Of shock and 
counter-shock could not be clearly delimited from the abnormal. On the 
other hand, life at the “base level’’ of complete rest, could not be long maintained 
nor could it be called normal. Therefore we must outline the manifestations 


of the G-A-S, and of its diseases, as parts of a single picture in which the 
normal and abnormal imperceptibly merge into each other. 

The morphologic changes in the cardiovascular system, which often develop 
during the resistant stage of the G-A-S, are interpreted as pathologic (hence 
as “diseases of adaptation’’) by most students of this field. Yet, even here, 
it is a matter of opinion whether for instance an arteriosclerotic lesion in the 
aorta should be considered as ‘abnormal’, irrespective of its severity or of 
the patient's age. 

It would lead us too far afield into philosophy if we were to attempt any 
definition of physiologic norms, but few physicians would consider it “normal’” 
if, at the autopsy of a man aged 90, not the slightest degenerative change could 
be observed in the cardiovascular system. As we have repeatedly stated in 
other connections, the stresses and strains of daily life are in themselves alarm- 
ing stimuli and hence the comparative resistance of maturity and the exhaustion 
of senility, may well be compared to the corresponding stages of the G-A-S. 
We have said in the “Foreword” that adaptability is one of the most char- 
acteristic features of life, but it is perhaps equally characteristic of living matter 
that it cannot maintain this adaptability indefinitely. Hence the greatest pos- 
sible deviation from the ‘‘norm”’ of life, namely eventual death, is also one of 
its most typical features. 

But let us extricate ourselves from the realm of philosophy and return to 
our more immediate problem. Even if we took the extreme attitude that any 
morphologic change caused by exposure to stress is a “disease” of adapt- 
ation rather than part of the physiologic G-A-S, we would have to admit 
that at least the tendency to develop such lesions is an integral part of the 
adaptation-syndrome. For this reason, we shall discuss the important cardio- 
vascular “hyalinosis” syndrome here. Since its characteristics are essentially 
the same be it produced by stress (e.g., cold) or hormones (e.g. LAP, DCA, 
desoxocortisone, the “endocrine kidney’) this procedure will also help us to 
avoid unnecessary repetition. Later, when we come to consider individual 
stressors and hormones we will only have to mention such minor differences 
as do occur in this syndrome. 
io oy i gira ee and clinical observations have shown ha 

y to develop persistent hypertension, cardiac hypertrophy ang 


what we call “hyalinosis” of the cardiovascular system, is typical of the s' 
of resistance. There is deposition of “‘hyalin” or noid” + rial ben 


the intima of various vessels, especially the 
quently, large portions of the media are likey 
or actually transformed into a homogen 
cardium, entire groups of muscle fibers n 
of what is known as “fibrinoid necrosis”. 
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sme matous tissue develops, especially around the 

‘oles an inity of the hyalin plaques. As part of this 
al ly in extracardiac tissues, two curious, special 
olymorphonuclear giant-cell, which resembles 


ell-types apPerr” of veumatic fever; the other is the “Anitschkow cell’ 
Aschoff Biedocs diac histiocyte, cardiac myocyte or caterpillar 
(m ocardial an to keep in mind, however, that contrary to earlier opinion 
cell). a ee w cells « secur outside the heart, for instance, in the mus- 
such Pe the Be mach the mucosa of bronchi and the intima of arterioles.® 
a 3 tigators considered both the Anitschkow cell and the Aschoff cell 
Se ractenstic pt acute rheumatic fever, but this is certainly not correct. 
to be ¢ 


‘lopment in the heart of numerous and typical Aschoft 
i that the development in t 
oa is containing characteristically formed Aschoff cells and Anitschkow 
-. . almost pathognomonic of acute rheumatic fever. Yet es non- 
: ni injuries to circumscribed areas of the myocardium can produce ‘foreign 
ae ee siomas” with “foreign body giant cells’’ and histiocytes which are 
ftiaally indistinguishable from those of —— fever. he sapere bar 
i ing the stage of resistance of the ‘~1\- 
lly prone to develop during : 1e ¢ 
Be ayertlosage with certain hormones (LAP, mineralo-corticoids) which 
are known to be produced in excess during exposure to systemic stress. ‘ 
In the coronary system of man there are small — saat a — 
i i % ions” -called epithelioid celts. : 
of which contain layers or cushions” of sc-c . 7 
also been observed outside the heart, especially in vascular ij oe Oe — 
arterio-venous anastomoses, OF “shunts” occur." Excessive evel poses ie 
these “epithelioid cells’ has likewise been Sy ean to be a conseq 
non-specific systemic stress and part of the G-A- ; <a ee 
inosis i ticularly frequent in the cardiac arteri 
i ated Kidney, mesen i ]so often involved. 
arterioles, those of the kidney, mesentery and brain are a sapiewanee 
Among the larger arteries, only those of the splanchnic pear ee es 
ire : 
affected. The veins and the aorta appear to be almost entirely immur 2 
] the histogenesis of the hyalinosis may 


Fr i ateria : ; 
om our experimental m jesion develops in era 


reconstructed in the following manner: The typical « 
sized or small arteries, frequently at a bifurcation, perhaps aoe ooh ean 
ical damage caused by the constant impact of the oe on r media become 
Poses these sites. In the earliest stages, the muscle cells 2 . € “ones 
tounded. They often contain basophilic granules or rods and t a i is 
a vesicular appearance. Sometimes basophilic threads oer Almost at the 

tween nuclei of cells situated in different eae gy ae ed underneath 
Same time, a thin layer 0 “fibrin aaah f the media. At a later 


404 
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Hyalinosis of the heart produced by 
exposure to cold. in the rat. — A. 
left ven- 


(lower part o 
mal appearance. — B. an 
© po 


intima of 
section it 
jon B¢- 


“ 


C). round 

greatly 

b muscle 

é pertrophy 
i sch ackmals is most obvicus in regions where arterial hy Cin a 
<D 

actezl suppuration. Sometimes the entire granuloma is intersperse with 

mscribe 


lymphocytes or eosinophils, but this is rare and usually limited to circu ; 
vascular territories. As the lesion progresses, the sub-intimal layer of hyahs 
increases in thickness and more and more of the media is invaded, both by the 
homogeneous fibrinoid substance (from within) and by granulomatous cellular 
infiltrates (from without). Whenever the vascular involvement becomes very which Oos-vessel in, St 
severe, the endothelium tends to be shed off and thromboses occur. The latter ; Din Fig seat oe 
usually take the form of mural thrombi, but occasionally they occlude the vas A. 
cglar lumen completely. Mural thrombi are likewise quite common in 
especially in the right auricle. Here one may also find “ball thrombi” which are 
free or attached to the wall only at one point, Occasionally, fibrin deposits 
even partially organized thrombi are noted in the other cardiac cavities, OF 
the surface of valves. One of the most common causes 0 th in a 
affected by these lesions is coronary thrombosis, — —s- 
The pericardium is frequently filled with a | 
less often, there is fibrinous pericarditis, a 
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Hormonally produced vascular lesions similar 
to those occurring in diseases of adaptation, 
in the rat. — A. Normal mesenteric vessels 
in a small intestinal loop. — B. Mesenteric 
periarteritis nodosa. Macroscopic view of a 
small intestinal loop of a rat chronically treated 
with DCA. Note numerous bead-like, peri- 
arteritic nodules along the mesenteric vessels. 
— C. Mesenteric periarteritis nodosa produced 
by DCA overdosage. Low magnification of a 
section through mesenteric insertion on intes- 
tinal wall. Note thickening and infiltration of 
the transversely sectioned mesenteric arteries. 
— D. Mesenteric periarteritis nodosa produced 
by DCA. Transverse section through mesenteric 
artery, showing final stages of periarteritis 
nodosa. Note thick layer of hyalinized fibrin, 
lining the vascular lumen. The vessel walls 


have undergone partial necrosis and hence, appear somewhat | 
by 
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tment was continued until the animal was 

However, in a few instances, where treatment 

to follow the histogenesis of healing in these 

H be most characteristic changes were the gradually 


me of tl a and the substitution of the sub-endo- 
sing cellularity < f the granuloma a 


of our ex} 
vied or died spontan 


decrea jin deposit b ‘centric layers of fibroblast and connective tissue 
thelial hyalim lly, the architecture of the outer vascular layers, which had 
fibers aie Bi secanized by the infiltrations, also began to approach 
been oe. thick layer of sub-endothelial connective tissue persisted for 


Beeeniey ae gave the arteries an aspect typical of endarteritis obliterans. 
a long tim 


brinous thrombi gradually became organized by invading blood pene! 
ee — tissue Essentially similar substitution by scar-tissue was note 
an r : 


i rdial nodules. <x 
 hcto 94- and 525-528 show how closely the lesions 
The photographs on pp. 494-496 a = 

a ef in our experimental animals resemble those seen in man su ie 
3 . tata c 
ies i asiacteritis nodosa, lupus erythematodes, panne cas 
ect and (during healing) endarteritis ie Sarees sa s guhe ‘900% 
- . . = = m 
i i i tion that extensive studies © autopsy ma 
point out in this connec ‘ ae kaemmeel 9 
i i re tioned diseases faile 
atients who died of the above-men Ses 
Fe xctucl morphologic lesions in these en ie a aout 
incli ‘eve that all these are non-s reacti 
enc Sanat ae d to label the same vascular lesion with 
forms to injury and that pathologists tend to Pyacn va ae 
the name of one or the other of these diseases, depen ing ee pod 
vascular manifestations which happened to Sige os ae ae 
tomic picture. Thus a certain lesion is called r age Sage eee 
occurs in a patient who died of acute rheumatic ee ba heres one 
is labelled “allergic arteritis’ if it develops ee tee ee ek 
festations of allergy, or “periarteritis nodosa i OT acai be Sree a 
BN tence" if phene a f healin 4 redominate. That all these 
‘endarteritis obliterans’ if phenomena of healing Pp ites ial 
are not fundamentally different vascular ae kere Ce aig nite tn “A 
by the fact that several of these “diseases a re) Sn ena ties 
Same patient. Similarly in experimental anima A Z ne, Yl ai 
duced with the same pathogenic agent (e.g-, DCA, sie length 
a i i 1] on such incidental facto : 
Daten eee eae ies-predisposition for one oF the 
and intensity of treatment, diet, heredity, species-P 


other type of reaction, etc." 
, etc. ipa See most markedly from 
gal these experimental “at 


sis in that the 
that lipid 


L 
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tion, unless death occurs earlier as a result of some complica 


p F 5 ry J-, Coronary 
thrombosis, brain hemorrhage, incidental infections). The hange which 
is characteristic of the exhaustion stage is the reappearance > generalized 
endothelial damage with capillary leakage, similar to that ch sometimes 


(not always) occurs during the shock-phase of the A-R. 


In the preceding paragraphs we attempted to give an outlin: those cardio- 
vascular lesions which are apparently typical of the three stages of the G-A-S. 
irrespective of the eliciting agent. The resulting picture is necessarily some- 
what onesided since it is based largely on observations in expel imental animals 
(mostly the rat), treated with a few stressors (e.g. protein injections, exposure 
to cold). As we have said, the cardiovascular changes produced by diverse 
stressors are essentially similar among themselves; they also resemble those 
caused by exogenous overdosage with those hormones which we believe to be 
produced in excess during the G-A-S (e.g., ACTH, corticoids, renal pressor 
substances and perhaps even adrenergic hormones). However, in spite of this 
fundamental similarity, there are certain differences in the cardiovascular 
changes caused by these agents. Now that the fundamental pattern of response 
has been outlined, we shall be able to appreciate such dissimilarities. While we 
consider these, it will also be possible to survey many scattered experimental 
and clinical observations which have not been hitherto considered from the 
point of view of the G-A-S concept. 


Trauma. — After extensive traumatic injuries, the cardiovascular changes 
correspond quite accurately to those outlined above as characteristic of the 
shock-phase. In the tissues directly exposed to injury, the vascular damage, 
and especially the increased capillary permeability, are most pronounced. This, 
however, is unrelated to systemic stress effects. On the other hand, the changes 
in parts of the cardiovascular system, which are at a distance from the site © 
direct injury, are identical with those described above as typical of the shock- 
phase; hence they need not be discussed here in detail.’* 

It is perhaps worth mentioning, however, that in patients with the sy2- 
drome of post-operative alkalosis, hypochloremia and hypopotassemia, certain 
electrocardiographic changes occur. These are characterized by a depression 
of T-waves, prolongation of the QT-interval, depression of ST-segments. 
inversion of P-waves, frequent extrasystoles and auriculo-ventricular block. 
The clinical condition of the patients and the electro-cardiographic anomalies 
were beneficially influenced by potassium administration. It was concluded 
that ‘these results suggest that the pathogenesis of this syndrome in post 
operative patients is due to the alarm-reaction, producing hyperfunction of the 
adrenal cortex, with loss of potassium and chloride (or retention of sodium!) 
in the urine, associated with a low intake of potassium”.! In this sense, Suen 
a syndrome would correspond to the counter-shock rath to the s® 
phase of the A-R. In the dog, the E.C.G. cha Ss 
shock were of a different pattern,'** perhaps d 

On the other hand, “it is now definitely 
minute cardiac output and stroke volume 
factor of the shock-syndrome”. Furthermo: 


prod 


12 Cannon et al. 57880/ 18, 
Kénig A32639/32, 
Moen A16304/38, B19951/48, 
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n initial decrease in cardiac size which was 


dogs *")" 4 the loss ting blood-volume. Later the heart size 
attribut however, Pé vcause of myocardial ischemia due to dimin- 
increas bd in Ww coronary circuit shares so that the cardiac 
: blood- 
ished 14 
rs. ; : si. 
La * he histologic changes in the hearts of patients who died of traumatic 
“ae ay swelling and fatty degeneration are most conspicuous.!® In dogs, 
clou “ rail.2® 
shook cardial hemorrhages tend to prevail.’** ork 
ee. 3 vations on traumatic and post-operative shock indicate that 


ia] increase i blood-pressure (counter-shock ?) usually precedes the 
; otension.*® It is possible that the renal pressor mechanism pat- 
Eth -e since tourniquet shock in animals opens the renal 
“ipates in this response si i on 
ae d allows the blood to bypass the cortex on its way to the m 
ae id 1 Be this as it may the initial vasoconstriction of the larger 
ney: s as : i cons 
on Beciclly in the mesentery and skin, persists into the shock aes 
reed this may act somewhat like a tourniquet a ee piecing ; 
irreversible shock.’ e blood-flow in the 
favor the development of irreversi baa on 2 
ndeed before the drop 
ero before the development of shock and ina ‘ 
BP ecasise or the tachycardia.” These are additional examples of over 
lapping between shock and counter-shock phenomena. ples a gat 
In various types of traumatic shock there is a greater aaa ea Hh 
red-cells and plasma than can be accounted for by measura” e hem : iq 
i ibed he “trapping” of blood in the capillaries throug 
This has been ascribed to the trapp BA ee ied, 
out the body.2° The question whether capillary permea i a La ee 
even at a distance from the site of direct injury has bat He < es See 
observations with dyes show quite clearly, however, t ae te ae ee 
animals 2! and in man,” capillary leakage at a au ee gree 
an essential feature of shock, “a marked increase in t 1e me a ae ed 
observed only in cases of burns and abdominal ee ae eae 
these conditions, it will be noted that there is direct amage laces Renee 
of the capillary bed and evidence of continued ‘weeping 
surfaces’ 23 
' i ic shock and a 
The circulation-time is invariably prolonged in traumatic 


F i unfavorable 
Progressive delay in the circulation-time 1S a prognostically very "Wn 
sign,24 


® ten- 
Hemorrhage. — Severe hemorrhage likewise causes pronounced hyPo 


i isti - However, this hypotension 
pees ae 1 ¢ the renin-angio- 


in j ‘ 
‘itself activates variot cretion °° 
ave 
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already been discussed in the section on hormone metabolisn 
the G-A-S. 

It is generally agreed that as a result of such compensatory (counter-shock) 
mechanisms, hemorrhage causes widespread vaso-constriction in various 


hanges during 


vascular territories. This may produce changes in “pulse contour’’,®° a decrease 
in the blood-flow through the limbs 8! and severe ischemia and blanching of 
the skin.22 A similar vasoconstriction is readily demonstrable by direct inspec- 
tion of the exteriorized mesentery immediately after moderate hemorrhage, 


for instance, in the dog and cat.3* The intensity of this vasoconstriction varies 
of course in the different vascular territories, largely in accordance with the 
vasomotor response described above as typical of the counter-shock phase. 
Extensive studies on dogs and rats have shown that after removal of little 
blood (equivalent to 1-2% of the body weight) the first vascular change is a 
constriction of the larger arteries (100-300,), the reaction being more rapid 
and more intense in the skin than in the splanchnic area. After withdrawal 
of more blood (2-3% of the body weight) the larger arteries and veins undergo 
a progressive narrowing to about one half of their original width. The terminal 
arterioles and muscular venules remain open, however, and the flow through 
them is not much affected. Only in the case of excessive blood loss (4% of 
the body weight and more) does circulatory failure develop, despite the great 
increase of the peripheral vascular reactivity which is so characteristic of severe 
hemorrhage. Yet, even when the animal dies, the peripheral vessels still retain 
their irritability and the animals can be saved by re-injecting the blood with- 
drawn during the experiment (reversible shock). In the case of repeated, 
graded hemorrhages, however, the initial hyper-reactive “compensatory state” 
is eventually replaced by a hypo-reactive “decompensatory state” of the peri- 
pheral vascular bed. The onset of vascular decompensation is evidenced by 
a progressive diminution of the reactivity of the terminal arterioles to such 
pressor stimuli, as for instance, adrenaline. This is accompanied by a slowing 
of the spontaneous vasoconstrictor rhythm in the terminal arterioles and pre- 
capillaries and the vessels remain in a state of partial relaxation. The opening 
of the precapillary sphincters allows increasingly more blood to be diverted 
into capillary side-channels, where it is trapped and removed from active 
circulation. If hypotension is long maintained at or below a certain “critical 
level’, subsequent infusions can no longer save life (irreversible shock) .** 

It is not yet clear why the circulation time is not prolonged by hemorrhage 
as much as by trauma conducive to an equal degree of shock. Perhaps tne 
sympathetic nervous system is not as readily activated by the former as by 
the latter.5° 

Burns. — The cardiovascular changes produced by extensive burns also 
follow the previously described pattern characteristic of the A-R with its 
shock-phase and counter-shock-phase manifestations.** It is striking that the 
very diverse types of acute damage so far considered (tra ‘ 


umatic shock, he 
rhage, burns) tends to produce fundamentally similar cardi 


ovascular re: 


9° Alexander and Webb B40922/47, 
31 Eckstein et al. B38558/46, 
a2 eer Lotrig: shoe 
ee! yster B33703/21. 
83 Page and Abell 84114/43, 
Page B40258/49. 
34 Chambers B45911/48, 
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another jndicati that the changes elicited by all these agents 
i feature they have in common, namely systemic 


o «nee 
ther than to any | r specific effects. 


burns may ¢aU mmediate “primary shock”, but this is rarely, 


In Bei Race in animals; perhaps because such experiments are usually 
if evel “ pader anesthesia, ¥ hich eliminates the immediate action of pain. 
‘ha? Jso be of importance chat most species of experimental animals appear 
Jt may 4 


P ss affected by a burn than man. In animal experiments, 
to be macy shock with hypotension, an initial, transitory but 
: ea rise in blood-pressure occurs; 37 the “hypertension en fleche” 

nt h literature.** This is subsequently followed by the usual hypo- 

Gi a Pe condary shock. As in the case of traumatic and hemorrhagic shock, 
Be ve: ‘ n in the normal sequence of events suggests that counter-shock 
. ree can precede shock, whenever an initially effective compensatory 
ism gives way later to a secondary breakdown. : 7 

Earlier investigators frequently noted intense capillary a an ted 
age as well as the occurrence of petechial hemorrhages ae an ee = 
thrombi following extensive surface burns.®® Special emphasis _ oe . 
upon the frequent occurrence of brain edema in bumed ae ja 
However, direct observations of the retinal vessels,!t studies ser radioa 
tracers,*2 and many other observations * suggest that a sige y pee . 
capillary permeability, at a distance from the direct site 0 peed is na 
constant manifestation of shock caused by burns. The edema an cn ae 
leakage reported by earlier investigators was probably a6 to ccenancer ox 
fusions. (Cf. also “Inflammation, Phagocytos!s and Capillary perm) . if 

On the other hand, it is a rather characteristic feature : burns é eet 
often cause considerable loss of fluid due to direct capillary anes ee : 
of scalding. It is largely because of this factor that hess eae a P ane 
extraordinarily marked hemoconcentration and decrease in plas Mae i 

In the heart, focal necrosis, calcification and even the apne na : 
matous nodules (containing polynuclear giant cells !) has — oem 
tabbits.45 Some authors consider a “serous myocarditis with valvular — 
to be quite characteristic of burns. It is often accompanied ie aioe a 
a distance from the directly injured area, ¢-J- in the kidney. . es an ce 
Be tratve lesions, such as fragmentation of the myocardiu 
Noted in various species, including man. : a 
| aa — Localized exposure to eomaaraiety mild cold causes vas 
im iction especially of the arteries. © ‘mo 

mersion foot, trench foot), 
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picture of “endarteritis obliterans”“* The such @ mae 


al stimulus as freezing causes vascular lesions « vpe strongly 
supports our view that hyalinosis and endarteritis oblite non-specific 
responses of the vessel wall. Hence, we have no valid reasc tribute ak 
changes to the action of some hypothetical, specific pathoge hey happen 
to be produced by some sy stematically acting agent (expos of the whole 
body to cold, the “endocrine kidney”. or injection of LAP, DCA désoxactts 
tisone, etc.). They are what we designated as typical “non-specific changes” 


(cf. Definition, p. 7) and various agents causing a derangement in the nutrition 
of the vessel walls may elicit them. The only “specific” feature about their 
production by DCA, LAP. the “endocrine kidney” or non-specilic stress is that 
all these agents are rather selectively “vasotropic” inasmuch as they tend to 
damage the vessels more than other tissues. 


Temperature variations. — Exposure to much heat — especially if conducive 
to “heat stroke” — tends to produce focal myocardial degeneration, multiple 
purpuric hemorrhages especially in the brain, lung and gastrointestinal tract, 
simultaneously with other typical manifestations of the A-R. Most of the cardio- 
vascular changes caused by exposure to heat are probably manifestations of 
the G-A-S. However the edema, hyperemia and hemorrhages in the brain 
are much more common and intense after exposure to heat than in other stress 
situations; hence they may be regarded as somewhat specific of this particular 
stimulus.” 

Exposure to cold regularly causes typical G-A-S changes in the cardio- 
vascular system. Indeed, this stimulus proved to be so effective in this respect 
that it is routinely used in a great variety of investigations as a type of stressor 
especially suitable for the study of the G-A-S and its diseases. 

Exposure to even moderate chilling greatly accelerates the heart rate in the 
rat. This is not merely due to incidental muscular hyperactivity since it is 
also obvious in quietly resting animals.™ 

The so-called “cold pressor test’ is based upon the observation that brief 
immersion of a hand in ice-water causes a rise in systolic blood-pressure 
often accompanied by various manifestations of vasospasm.*? The response 
varies considerably even among normal individuals, but hyperreactors are 
believed to possess a hypersensitive vasomotor system, which renders them 
especially liable to the subsequent development of essential hypertension. 
rise of 22 mm. Hg. in non-pregnant or of 29 mm. Hg. in pregnant individuals 
is considered to be the upper limit of the normal. Indirect evidence suggests 
that vasospasm within the kidney is particularly pronounced during the “col 
pressor test’’.°? 

In shipwrecked mariners who suffered prolonged immersion in cold sea- 
water, the blood-pressure tends to be high and they exhibit an increased vasS0” 
motor response as gauged by the cold pressor test. Since exposure to co 
known to produce constriction of the renal vessels, it was assumed that suc 
reactions may play a part in this type of vascular h’ irritability 


49 Staemmler B29879/44, 
_ Vagliano B29862/47. 
°® Gore and Isaacson B41903/49. 
Haymaker et al. B37920/47. 
Malamud et al. B18019/46. 
Moon B19951/48, 
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s exposure ound to be a particularly effective type 
N. for the producti stent hypertension, nephrosclerosis, cardiac 
of stress on d cardio. wvalinosis in the rat, especially under certain 
pypertrorh fa nsitizatio ll be discussed below.** During the A-R 
conditions ee i he weight of the heart shows no significant 


a G-A-S elicitec 


eo ac : 5 : 3 Sel ieee 
stag =; unlike most oth: ns presumably the cardiac muscle is very 
ange he factors w! cause tissue breakdown at the time of the 
Geaetant to the Jai 


Jonizing radiations. —_ The cardiovascular age sean gaia 
‘onizing radiations differ from those elicited by the previous y men lone 
a ssors (trauma, hemorrhage, burns, cold) in that they develop 
ae ety and that endothelial damage is especially prominent. The toxic 
By af ionizing rays (e.g. x-rays) become fully manifest only after a certain 
. period; hence acute shock and counter-shock phenomena, such as 
on variations in blood-pressure, are not prone to develop. The prom- 
inence of endothelial damage (leakage of capillaries, petechial epraengeet' 
etc.) is presumably due to the direct effect of rays upon tissues, gs eee 
manifestations are rarely seen at a distance from the site of injury.°* Only 
in the event of extremely intense x-irradiation does marked hypotension and 
ur immediately. 
Be eystions at the Bikini atomic bomb test showed that the hemorrhagic 
syndrome is increasingly more readily produced in the rat, goat, plg and 
guinea-pig, in this order.®** pol : 
Capillary dilatation is a constant finding in acute irradiation injury = 
results in the well-known erythema within 10 to 20 days. This may be 
accompanied by swelling of capillary endothelia, stasis and pees 
of blood. Preterminally, multiple subcutaneous and internal petechia none 
thages are very characteristic in all species and sometimes Ln seer 
thages occur, especially in the gastrointestinal tract, the lymph nodes. : e 
heart and the skin. Prior to death, the heart-rate tends to increase, - 
instance in the dog, as much as 50%. There may also be electromacdiogres ic 
changes such as a reversal of the P-wave.® Essentially similar changes a 
een seen in animals and man exposed to the effects of the atomic bom ‘ 
Allegedly the hemorrhagic syndrome caused by acute ionizing radiations Fe 
the dog is favorably influenced by rutin and other flavonoids of the vitamin- 
soup," but this has not been confirmed in the mouse.” 
Electric injury. — The important cardiovascular ee 
Bue) Pciro-shock therapy are rather i a us 
is € stress. There is a prono 


s which occur 
other types 
and thi 
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Nervous stimuli. — It has long been known that nervo A al. sugges! nder the influence of nervous stimuli (as it 
stimuli exert very powerful influences upon the cardiovasculat WO oe tourniquet shock) scular pattern of the kidney is so rearranged 
relevant literature has become so voluminous that we shall h “yaten The is od is shunted a™ from the cortex, through the medulla. This renal 
selves to a few observations which are of particular interest in cot a ites ony that bi0® onse is similar to that sbtained in the “endocrine kidney’ operation 
the G-A-S concept. Such a limitation of our scope will Rady be fe hie vessel Fail cause hyper! mn through the activation of the renal pressor 
— ney the problem of neurogenic hypertension has been very ee har es. 
ae ne ae of ee ot importaa’ ae Bc eatent hypertension can be preruas experimentally by constant 
temic stress will be discussed below (cE. Stimuli 0 eeteme response an nervous jeritation (eg wee sthehatae by - eesti empeciely = 
G-A-S Response p. 552). Here, we shall merely Pacis — Cardiovascular the “emotional gray _ ie and partieyeny in the emotional eaimels” 
ative observations illustrating the type of 1 a a Sone eae It was concluded that an auditory stimulus applied pore a prolonged period 
peat due te the i eee. retook aoe iano: wit is pre- | of time may produce an increase in the systolic and diastolic pressure of the 
Sonal atinulls of nervous and emo- rat’ In guinea-pigs. audiogenic stimulation elecits rather characteristic vaso- 

motor responses in the capillary bed of the mesenteric serosa."® 
; al stimuli (irritation with an electric current) can allegedly 


Un i F : 
der the influence of emotional excitement, such as fear or anger, the Repeated emotion 
diac infarcts in the rat. This was considered 


heart rate rapidly increa i 
ses. s response i ; ; ‘ es 

of the heart; cnet due to ee Hi oe a5 not prey ented by denervation even produce periarteritis and car 
tachycardia is presumably nae ne nt ae inhibition a is augmented. This indicative of the importance of similar etiologic factors in the production of 
mones, Simultaneously, emotional e tos the liberation of adrenergic hor- angina in man.” Many other experimental and clinical observations suggest 
response which we duscuibed palling im sien that typical vasomotor that nervous strain can cause arteriosclerotic lesions.** 
phase." Such vasomotor reactions have ses counter-shock Clinical observations in man also brought forth a good deal of evidence 
increased muscular activity, but it was found that th ares th ae intine that “situations provocative of frustration and anger’ raise the blood-pressure, 
exercise leads to the shrinking of the abdominal vi pee thowghtn? taking while they diminish renal blood-flow.” These responses have been correlated 
the limbs,°7 while the arterial pressure rises.°* KS i erkcage and the expansion of with the G-A-S and were mentioned in support of the view that hypertension 
flow of blood through the hand is = aikedlsx nee e an end, he can be a disease of adaptation due to a psychosomatic derailment.” This 
observations are not necessarily contradictor A oS , ae hese interpretation received additional support from systematic investigations on 
motor response during the counter-shock pies Lomond a the EES 695 men from an Armoured Brigade who had experienced at least a year © 
r ener and constriction of skin vessels. ee opal nem gal warfare. Among these, 27¢¢ proved to have symptomiess ee 

e muscle vessels, while in the hand, the skin vessels play the predominant role 7 at rest and in most cases the blood-pressure remained high even after two 

Until quite recently, it was rather unani | : months of freedom from battle anxieties.” Here we are clearly dealing with 

imously agreed that the tachycardia, arather persistent blood-pressure elevation caused by emotional stress. 
rl u 
ing the production of hyper- 


ee Bhservations, and the findings concern 
ension by mineralo-corticoids, suggest that nervous and emotional stress can 


taise the blood-pressure through various essentially different mechanisms an 
ympathin, renal pressor sub- 


pe stly through the liberation of adrenaline, s 
ces, and mineralo-corticoids. 


hypertensi 

ane fonibn Nee da aidines eS POESe characteristic of the counter-shoc 

evarpathette rest ue to the liberation of adrenaline and to the direct effect of 
tion in the vagal ied pibe a diovascular system. A simultaneous diminu- 
of adrenergic stimuli.”° ably sensitizes the vascular system to such effects 


The acute hypertension caused by cerebral ischemia is not abolished after 
is allegedly due to @ cerebra 


eliminati 
ae of the carotid sinus reflexes. It 
Tessoreceptor response. 
ection of the depres- 
cardiovascular 


The renal : 
“pressor paler atts Pade, also be involved since stimulation of the 
volume during the re ri cortex increases limb volume but diminishes kidney 
sequent experiments ms a pressor response in cats and monkeys’ ” Sub- 
vasoconstriction as eaten rie the occurrence of a pronounced renal 
India ink from the hee: nd virtual exclusion of intra-arterially inject® 
responses were obtained aloes vascular bed. Here the best vasopressor 
gyrus sigmoideus. It co aa a of foci on the gyrus pice 1 
re a Ae Bee $ “al 
oe Sin man may result in persistent or Re Sea ie ba? ‘this 
anism may lie at the basis of essential an Sg peters 


he often very intense hyper 


i 


45 Deen 78582/39, De my 
cm ea ae 
ans 38, B3377 
ar and Bouckaert 92,139 
Ps one et al, A2429/33. j 
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tion by carotid sinus reflexes is not mediated through adrene 
renin.** 

Muscular exercise. — Fatigue is also particularly capat 
rapid and intense counter-shock manifestations such as int 
with a great increase in the stroke volume. In man, heavy 1 
may raise the pulse rate from 70 to 140 per minute within a v 
This is not only due to adrenergic stimulation, but also to the fact that the 
normal tonic, inhibitory vagal stimuli are suppressed during exercise. Simul- 
taneously, there is a pronounced increase in arterial blood-pressure accom- 
panied by that particular change in the tonus of different vascular territories 
which we previously described as characteristic of counter-shock. There is 
dilatation of arterioles and capillaries in the active muscle, while the splanch- 
nic vessels contract. This response is not entirely a systemic one since 
vasodilatation occurs selectively in active muscles and not to an equal degree 
in others. Thus, in comparing an inactive muscle with its active counterpart 
on the other side, it was found that during work, the number of open capil- 
laries may be 40 to 100 times as great as in the muscle at rest.*? 

As with other types of stress the renal plasma-flow is diminished during 
the pressor response to exercise in man,®® but it has not yet been shown 
whether this contributes to the formation of R.P.S. 


In the case of often repeated exercise, the acceleration of the pulse rate 
during each muscular effort becomes progressively less pronounced, as a 
result of adaptation, both in man * and in experimental animals, for instance, 
in the rat.% Trained athletes usually even exhibit some bradycardia during 
rest perhaps due to increased vagus tonus as a result of overcompensation. 

It is well known, furthermore, that muscular activity is a strong stimulus 
for the development of cardiac hypertrophy. This has also been noted both 


in athletes ®' and in animals, e.g., the rat,°* which is a species frequently used 
in pertinent experiments. 


ubdstances or 


{ producing 
tachycardia 
cular exercise 
short time.® 


Allegedly arteriosclerosis, especially of the coronary arteries, thromboses 
in various vessels, and even typical rheumatic-fever-like changes may be 
precipitated by muscular effort among athletes. It has been claimed that in 
rats cardiac infarcts can be produced at will by overexertion.” If rabbits 
are forced to run in a treadmill, the papillary muscles and the ventricular 
septum of the heart often show foci of hyalinization, or even necrosis. his 
change has been ascribed to local anoxemia since it is produced with pat- 
ticular ease by exercise after hemorrhage."® It must be pointed out, however, 
that although muscular exercise is especially effective in raising the blood- 
pressure — and of course represents considerable excess work for the heart —~ 
we found it less effective in producing cardiovascular hyalinosis in the rat 
(especially sensitized by partial nephrectomy and high sodium intake) than 
other alarming agents, for instance, exposure to cold. In other words, we 


*4 Bein B37510/47. 
85 ona B14905/39, 
ilesco and Alexi 
86 Cannon B14905/39, SS 
leymans 89593/39, Lee B3907 
Liljestrand B37509/48. minds 


®t Krogh 39493/29. 
88 Sere et al. B24881/48. 
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nder t! ions of our experiments, muscular exercise 

that at feast in larmit ulus (as judged by the production of acute 

wot poud ae oh Reenal | enlargement, gastric ulcers, etc.) is not 

ipymus Se ive Be de: of the G-A-S with generalized hyalinosis. 

axticulatl a - exertion i » conducive to the overproduction of gee 

PerhaPs mu ae fhe yasotoxic saineralo-corticoids. It is also possible : : 

cotticoids n ‘ateemediat ctabolism incident to physical exertion i oO 

hanges i” Pe toxicity of mines Jo-corticoids somewhat like Na deficiency does. 

i Acute anoxia causes tachycardia, an increase in blood-pressure 
Oxia. — **° e. ’ 


; owever, 

omotor phenomena typical of the counter-shock ae ae ae 
and other Bs ns of chronic, continuous or interrupted oxygen se Neal a 
ae eal these phenomena tend to disappear. This has been 0s 


; é: 
occurs 20 well as in man exposed to reduced atmospheric pre 


; ies aS 7 

‘ animal species ‘ 97 
Se: breathing oxygen-Poor ait under normal pressut 
sure OF 


cia “Ss i: enal blood-flow toward the medulla 

ie ace a ig the normal rabbit, but not after denervation 

and rende x is 
kidney.” 

‘ae a to acute anoxia, cardiae cae he 
occur, presumably as a result of capillary damag - one aa, 

The acute hemorrhagic lung edema produced y me ee ee 
experimental animals will be discussed below (cf. mie a Ms wi 
anoxia causes a generalized increase in capillary per 


morrhages tend to 


: dial necroses,"°" as well as 

Diseases. — Hypotension and focal myore” moses, edema and 

generalized endothelial damage with serous effusions, foe infections. These 
hemoconcentration 12 are often caused by eid iene produced by other 
are manifestly non-specific lesions and — thottions). The very 0 s 
alarming stimuli (e.g-, traumatic injuries, burns, re aiean the observation 
cept of “serious inflammation” (cf. P- 24) was ee m produce serous 
that vascular damage, with the Soe oe peated infections and 
ttansudates, is observed in a number Se Lt: nimals by compounds 
that essentially similar changes can be reproduced ane of these changes 
isolated from pus (e.g-. allylamine) .’”° Hence the pre velalsonatedl by a certain 
loes not appear to depend upon any specific ener ration of the resulting 
Microérganism, but rather upon the intensity an‘ ia darteritis, panarteritis, 
systemic stress. Myocardial necrosis, myocarditis, eyub-endocardial hemor- 
yalin necrosis of arterial walls, multiple thrombosee we clear-cut examples 
thages, generalized capillary damage am hy PO sae 
of this kind of lesion, which often occ 

heria.°* Essentially si 


508 CARDIOVASCULAR SYSTEM 
fever’. typhus,’ paratyphoid '"" and measles.'™" (Ct myocarditis 
Waterhouse-Friderichsen etc., under “Cardio-vascular D ses of Adee 


tation”, p. 558 FE.) 

In rabbits which became very ill following successive ski 
several types of “group A” streptococci, there developed cardia 
ling those of rheumatic fever. It is perhaps significant that these animals 
the adrenal-cortex was extremely large.’™ The essential similarity of the 
cardiac lesions caused by various pathogens should not be overlooked. Yet, 
they are not equal in degree and quality, hence these changes can not be due 
solely to the G-A-S. Presumably conditioning factors also play an important 
réle in their pathogenesis. 


Serologic reactions. — It had long been noted that anaphylactic shock in 
the dog is accompanied by a marked hypotension similar to that seen in trau- 
matic shock. This fall in blood-pressure remains almost entirely unaffected 
by splanchnic stimulation or the injection of adrenaline, hence it was ascribed 
to a “paralysis of the peripheral vasomotor mechanism’ ’.*!* 

Additional observations on animals and man revealed that various types 
of sera, foreign proteins, bacterial toxins, sulfonamides and other compounds 
capable of producing “hypersensitivity reactions” can cause an “allergic 
myocarditis and panarteritis’. Such lesions in the cardiovascular system, are 
remarkably similar to the “hyalinosis’” or rheumatic-like changes and periar- 
teritis nodosa elicited by the “endocrine kidney’, DCA, desoxocortisone or 
LAP.™3 

Drugs. — Various drugs likewise cause cardiovascular damage of a non- 
specific nature. Those substances which cause “hypersensitivity reactions” 
have already been discussed in the preceding paragraph. Many others (e.g. 
snake venoms, quinine) appear to exert a similar toxic effect upon the endo- 
thelium and thus increase capillary permeability.“ 

The so-called menstrual toxin (an atypical globulin found in the endo- 
metrial debris discharged at menstruation) elicits a typical A-R if administered 
parenterally in experimental animals. At the same time ‘edema, hemorrhage 
and necrosis, such as occur in the menstruating endometrium, characterize the 
local and systemic reactions’’.1° 

Various bacterial toxins (e.g., typhoid endotoxin) cause vasomotor reactions 
in the rabbit which closely resemble those of anaphylactoid or traumatic 


j ifections with 
lesions resemb- 
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hibited by sympathectomy and is accompanied 


is response 1° ; : ; 
ko passes? hence it has been ascribed to an adrenaline 


as of adrenal chroma 


Jos Spccurs in the AR" 
gucharse —* dy mentioned that allylamine has allegedly been prepared 
We have oo af pus.!$ Fur thermore “the intracutaneous injection of ally- 
from certain OP ysit Jeads to a necrotizing arteriolitis strikingly similar to that 
mine in the ra sent in certain human infections (the streptococcoses espe- 
pventiona)y promin¢ nily, in their background, the phenomena of hyper- 


cally). “hic 119 Following © peated injections of allylamine, hyalinizing cor- 


gensitive erosis occurs in dogs. Since this response is not inhibited by 

onary artery ~ n hardly be attributed to the secondary liberation of R.P.S. : 

nephrectomy it Be ilar substances, may arise as cleavage products of protein 

piyiamine, a Ee sbolic reactions and hence they could play a role in the 

es Mee ot hyalinosis, but this possibility has not yet been adequately 
thoge 

rivestigated. 


i less typical 

; 3S d vasotoxic drugs produce more or 
} other vasopressor an ‘ San 
| PE ecctic lesions in animals. Among these, ergot, lead, barium, we i 
Bie S-methylisothiourea and certain adrenaline dere - fake 
Dice and tyrosine have received particular attention. ~ aga 
; ” ‘ 
a i“ obviously have direct vasotropic need es ee, ews 
however, whether some of the cardiovascular lesio ee ages 

not also, at least partly, mediated through the produ 


substances. e of 
Prolonged administration of cholesterol produces an Senay “a the 
arteriosclerosis in various experimental animals, a ee ee calices 
rabbit 22 (cf. Diet, p. 511). Essentially similar lesions aes ces (e.g., poly- 
intravenous administration of diverse macromolecular substan nds display 
Fi vinyl alcohol, methyl] cellulose, pectin acacia). All beet vf erythrocytes, 
distinct film-forming properties and allegedly cpa ae saaathie 
thus interfering with the speed of oxygenation. - h includes increased 
blood elicits the hematic macromolecular syndrome, W ~ s sr colloidoclastic 
sedimentation and pseudo-agglutination aute ie ela tous thesauroses, 
copenia, as well as reticulo-endothelial and paren’ es Here again we 
Similar to those produced by cholesterol and other wae substances and not 
_ a probably dealing with direct actions of the ene ere they produce. It 
merely with secondary manifestations of the G-A-S Me , endogenous macro- 
May be fruitful to consider the possibility, however Gilat ht be involved in 
a lecular substances, similar to those mentioned eboney me to stress. 
the pathogenesis of the cardiovascular lesions ‘4 


7 ce 


ttention, since 
stress OF 
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’ ing starvat ,od-pressure tends ren i 

the drinking water. This also led to pronounced cardiac hype andigen while ait frequent! : abate the upper sacst esieth pes 
nephrosclerosis.'*° Mammals are much more resistant t atonal individu Particularly st the descriptions of a veritable albesiaes 
However, in dogs in which hypertonic (259%) NaCl was is suber ocove tension and hype! ardiovascular disease’ which occurred after 
ously, pronounced cardiovascular damage was noted during vulting Mae of en of the Siege ©! / rad in 1943.18 Perhaps this is due to sudden 

hydration shock”. There were sub-epicardial, sub-endocardia! sub-olen wl of the “decor ag’ effect of malnutrition. 
recess nme | emit ty pane Sl 
one ; Co se « estion of the ficiency in the rat is ympanied by hypertension.'* It is of especial 
stomach and brain.'2* It would hardly be permissible to ascribe all these lesions ee : t however, that if - ave fed a choline-deficient diet during six days 
to the toxicity of Na as such, since a comparable degree of dehydration b - of three to four ks and are then placed on a normal diet, they 
other means may well be conducive to a similar syndrome. z ely develop marked hyalinosis and hypertension, similar to that elicited 
Although mammals are rather resistant to the hypertensive action of sodium by mineralo-corticoids. Thus a temporary nutritional defect early in life may 
rats given hypertonic NaCl (1.5% or 2%) as a drinking fluid, gradually result in hypertensive disease much later. It has been suggested that the fibrotic 
develop a slight degree of hypertension accompanied by a modest increase in organization of capsular and sub-capsular hemorrhages could eventually so 
the relative weight of the heart and kidney. Allegedly, this type of hyperten- | compress the kidney that a renal hypertension (similar to that caused by 
Ik perinephritis) would result.134 As we shall see later, 


nalectomy.!*%* Perhaps it is due to an increase cellophane oF si 
cholesterol-atheromatosis ig inhibited by choline so that this food constituent 


certainly exerts an important effect upon the development of cardiovascular 
en during the diseases of adaptation. 


sion is not prevented by adre 
in blood-volume, but this possibility has not yet been examined. 


Diet. — Some of the dietary factors which can d G-A i i 
8 produce G-A-S lesions in wae 
the cardiovascular system have already been described in the section on mecances pees to peor ae ; ; ; 
drugs, others will be considered in “Stimuli Influencing the Cardiovascular Cholesterol feeding undoubtedly causes atheromatous arteriosclerotic lesions 
System”, p. 554 ff.  — especially in certain predisposed species, such as the rabbit and fowl.1%° 
Suffice it to state here that starvation is a particularly effective alarming ¢ Golden hamsters and guinea pigs age less SENATE: ene zal Sonne io 
stimulus and as such, it should also produce non-specific cardiovascular changes. | os oo animals are even more resis ant to this action © 
However, even complete starvation acts too slowly to produce acute shock oC Te 
phenomena. Prolonged (complete or partial) withdrawal of food, on the other =—- The underlying pathogenic mechanism is still poorly understood. Allegedly, ; 
hand, does not cause hypertension or arteriosclerosis, perhaps because inanition j in the cholesterol-fed rabbit, the phagocytes of the liver and adrenals become 
notoriously exerts a rather specific antihypertensive effect,27 tending to prevent | loaded with cholesterol esters and these cells are then discharged as such into 
the development of arteriosclerotic lesions. In a sense this is a negative “con- the circulating blood. Such storage cells ‘“ ... having entered the blood stream, 
ditioning” or “‘deconditioning”’ of the stress effect upon this target. _ pass through the lung filter and selectively invade the arterial intima. This 
_ invasion is favored by stresses, but is apparently dependent on a — 
“Stresses 


chemotaxis of the arterial wall for cells carrying cholesterol esters’. «.. 
determine the localization of lesions and influence the degree of the sclerotic by 
Processes”.187 Here, the word stress was used in the sense of a local strain i 

upon the vessel wall, but probably the blood-pressure variations occasioned by 


systemic stress could also act as predisposing factors, if we accept the above 
t that “a relationship 


theory. Oth : 
‘ : en-observations ou’ the, dabbit.2le0, sagas 
a a cholesterol deposition and areas of probable turbulent blood flow is 
Mdicated’’.188 However, histochemical studies of the eed walls, ae oa 
' d ic-1n’ - 


ent stages of atheroma development 


It is probably because of these factors that inanition fails to cause typical 
G-A-S responses or “diseases of adaptation” in the cardiovascular system, 
although it is most effective in eliciting other manifestations of this syndrome, 
such as: thymus involution, loss of adrenal lipids, protein catabolism, ete: 
Indeed, during the second World War, among the undernourished populations 
of Belgium,'?S Soviet Russia '*° and German concentration camps 180 there 
was a definite tendency towards hypotension and bradycardia, while the incid- 
ence of hypertensive disease was extraordinarily low. Atrophy of the myocar 
dium, often accompanied by brown (‘‘wear-and-tear’) pigmentation oF atty 
degeneration of the heart were comparatively common. Only ina few instances 
were the signs of myocarditis, myocardial fibrosis, thrombophlebitis or > 
changes characteristic of diffuse myocardial damage among the very severely 
undernourished, but since the resistance of these patients was very low, it 18 
somewhat difficult to determine whether the cardiovascular lesions were Gute 
to starvation as such or to complicating infection Ss i ; 
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given in oil. Observations on chicks suggested that the n facsial sa 
influence the development of the atheromata are the deg on vpn 
esterolemia, a disturbance in the ratio of plasma-lipid fractio \ ol. 


ind the ability 


of tissues to esterify cholesterol. The absolute value of the | od-choleste ! 
to 


is perhaps least important.'*” 


The degree of atherosclerosis produced by cholesterol, v: 
imental conditions, in the rabbit, shows a high net correlatio 
body weight.’ Emaciation may therefore be the chief facto: 
of this type of arteriosclerosis by various supposedly specifi, 


ver given exper. 
ith the gain in 
1 the inhibition 
igents, 
Simultaneous feeding of “lipocaic’, choline or inositol tends to prevent 
atherosclerosis in the rabbit '*' and chick '# although such ‘“‘lipotropic factors” 
increase the hyper-cholesterolemia that develops on standard high-cholestero} 
diets. Furthermore, in rabbits fed a high-cholesterol diet and simultaneously 
given intravenous injections of a detergent (“Tween 80"), the latter aggravated 
the hyper-cholesterolemia '* and inhibited the development of atherosclerosis, 
In the animals receiving the detergent, the blood phospholipid-level was as high, 
indeed higher, than the corresponding cholesterol-level, while in the controls 
the former reached only about half the level of the latter. This led to the 
suspicion that the cholesterol:phospholipid ratio is an important factor in 
experimental atherosclerosis and that phospholipids may inhibit the develop- 
ment of this type of atherosclerosis.'** 


Unlike cholesterol, the related stigmasterol does not cause atheromatous 
lesions in the rabbit.145 


Overdosage with vitamin D, or irradiated ergosterol produces pronounced 
“metastatic calcification” in the rat, with the deposition of calcium salts in the 
subintimal layers of the arteries, the cardiac muscle, the kidney and many other 
organs.'"° Similar observations have been made on various other species, 
although not all are equally sensitive to this effect. Such calcification may or 
may not be accompanied by a rise in blood-pressure.147 


This change is somewhat reminiscent of the metastatic calcification pro- 
duced by high calcium diets as well as by food predisposing to acidosis.‘ 
In the former case, the fed calcium itself, in the latter, the salts liberated from 
the skeleton are responsible for a flooding of the organism with calcium and 
the tendency of it to precipitate in soft tissues, especially in blood-vessels.!"” 
Vitamin-D overdosage (and incidentally, also parathyroid hormone intoxic- 
ation) probably acts through a very similar mechanism since here again 
calcium is liberated from the bones. Phosphate-rich diets cause calcinosis 
because the resulting hyperphosphatemia precipitates even normal amounts 
of blood-calcium in the form of highly insoluble calcium salts.1° 


Various other vitamin deficiencies have been shown to exert a more of 
less specific effect upon the cardiovascular system. For instance in vitamin-C- 
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SID 
yinea-pigs. © irditis and valvular lesions arise much more readily 

geficie®* Fecal controls, after infection with a hemolytic streptococcus, 
‘han i? Miovascular lesion produced by vitamin-E deficiency in experimental 
The ee have assumed me interest in connection with the diseases of 
animals: ‘ when it was .ed that vitamin E administration may have bene- 
adaptation | in patients irdiovascular disease. However, on the whole, 
ficial La re-investigat f this field failed to confirm these claims.1%4 
fe eves been report t high doses of a vitamin-E concentrate produce 

a 


hich can be prevented by cholesterol feeding.1™** 
ined for six months or longer on a pyridoxine- 
sclerotic lesions “with surprising similarity to 
edly this is due to the disturbance in protein 
from pyridoxine deficiency. Since pyridoxine is 


atherosclerosis, in th 
Rhesus monkeys main 
diet develop 
seen in man . 


se d b 
vi Jism which result 


metabo olved in cholestero! metabolism, such lesions may be related to the 
a a changes produced by cholesterol feeding. 
athero: 


various electrolytes upon the cardiovascular system has 
ae fe. iicsased in connection with drug actions. Let us merely 
already here that the well known cardiac and skeletal muscle changes 
ty otassium-deficiency °* are qualitatively different from those pro- 
ae Be eralo-corticoids or R.P.S. This is noteworthy since the lesions 
9 i by DCA have often been ascribed to the resulting hypokalemia. 
H “ae as we have stated elsewhere, the endocrine kidney produces similar 
Bente without depressing the blood-K level and the changes caused by DCA 
are not prevented by the feeding of excess potassium. 


Stimuli Influencing the Cardiovascular System During the G-A-S 


Hypophysis. — Hypophysectomy tends to diminish the resting blood- 
pressure somewhat, but it rarely produces as pronounced a hypotension as 
adrenalectomy. From this it was concluded that some cortical activity ere 
even in the absence of ACTH. The acute pressor responses to stress whic 
are mediated by adrenaline liberation, are not prevented by eee 
since the secretion of the medulla is regulated by the splanchnics and not by 
the pituitary.15° 

Both the heart and the vessels undergo some atrophy after hypophysectomy. 
It would be difficult to examine, however, whether stress could still pac 
hyalinosis in the absence of the pituitary, because Bieephyeectomize’ ny 4 
cannot survive the exposure to severe chronic stress necessary to produce su 
cardiovascular changes. 

ACTH prevents hypotensi 
concluded that the fall in blo 
'S due to lack of corticoid: 


tomy in the rat; hence it was 
casioned by hypophysectomy 
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this mineralo-corticoid compound in the absence of the pituitary.159 Cus 

the hypotension caused by hypophysectomy is less readily preventeg . Dee 

than that which follows adrenalectomy. From this it was postulated jes CA 

pituitary does not exert its pressor action exclusively through the pe the 

cortex,’ Perhaps the réle of the posterior-lobe would dese;\¢ he fi ca 
re 


seriously examined in this connection. 


For technical reasons it has not yet been possible to study thi production of 
‘ Co) 


hyalinosis by the “endocrine kidney” after hypophysectomy. [t jg ie 

however, that experimental renal hypertension is greatly diminished by abla 
of the whole pituitary,"*' though not by isolated posterior-lohe removals 
In rats with experimental renal hypertension the blood-pressure always falls 
after hypophysectomy, but not quite to normal levels except when die ks 


tension has been of less than a month’s duration. ACTH (but not prolacti 
restores the hypertension to the pre-hypophysectomy level.1** a] 
The cardiac hypertrophy normally caused by thyroxine in the rat remai 
demonstrable after hypophysectomy.’*! This action is therefore not ectaetn 
dependent upon the anterior-lobe. sf 
Various impure anterior-lobe extracts have been shown to produce cardiac 
hypertrophy in different animal species. This is probably due to the combined 
effect of the somatotrophin, ACTH and thyrotrophin contained in such pre- 
parations since all three of these hormones tend to enlarge the heart.1® [py 
itself this treatment has very little tendency to cause hypertension, hyalinosis 


or nephrosclerosis, hence, most experiments designed to study the production ° 


of arteriosclerotic changes by anterior-pituitary extracts have been performed 
on animals specially sensitized to these toxic actions by partial nephrectomy 
and excess NaCl (cf. pp. 515, 516). Let us reemphasize here that in most of 
the pertinent animal experiments the cardiac hyalinosis and nephrosclerosis 
run parallel. Hence, unless otherwise stated, the term “hyalinosis” as employed 
in this book, includes nephrosclerosis. However, outside the heart and kidney 
hyalinosis (e.g., in the brain or mesentery) is rarely produced by anterior-lobe 
extracts, presumably because gluco-corticoids inhibit this particular effect of 
the mineralo-corticoids and these hypophyseal extracts cause a simultaneous 
discharge of both these cortical hormones. 

In intact mice chronically treated with a purified ACTH preparation (with- 
out dietary sensitization), the cardiac weight showed no increase, but definite 
coronary sclerosis was present in all cases. There was also monsidenable arteri- 
osclerosis (hyalinization, calcification) in the arteries of the testes and the 
splanchnic territory, as well as some nephrosclerosis. In unilaterally nephrec- 
tomized rats kept on 1% NaCl as drinking fluid, chronic ACTH treatment 
caused a marked rise in blood-pressure.1"7 In man no such effect was obtained 
after administration of a large single dose,1°8 but the blood-pressure usually 
rises following more prolonged ACTH treatment 108 
gerne oa I cleadier cardiovascular hyalinosis otherwise produced 

ons such as LAP, as shown by experiments in 
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his is so even In animals kept in good condition by the administration 
the rat nance doses of adreno-cortical extracts. It was concluded that the 
¢ mainte ular hyalinosis and hypertension caused by LAP are “... probably 
diovan the adrenal cortex, through the secretion of desoxycorticosterone- 
diate ie However, our experiments do not exclude the possibility that 
ji ee tery and mineralo-corticoid adrenal hormones are necessary for the 
poth "aaa of these lesio '™ Only one investigator claims to have prepared 
develop ic-lobe preparation which raises the blood-pressure of the rat even 
n igh enalectomy if small doses of DCA are simultaneously administered. 
after ae pservations led him to conclude “... that the adaptation diseases are 
Eee cod by the salt active corticoids alone, but by their co-operation with a 
hypophyseal synergist, probably our blood-pressure principle of the anterior 
pituitary ; 


in rats sim ‘ : 
fact that ACTH is predominantly gluco-corticotrophic. 


Simultaneous treatment with thyroxine considerably augments the cardio- 
vascular hyalinosis and cardiac enlargement normally produced by LAP 1” in 
the rat. It is of special interest, therefore, that the cardiovascular effect of LAP, 
though diminished, is still very manifest after thyroidectomy.!7 

Numerous experiments have shown that, at least in the rat, unilateral 
nephrectomy increases the ability of LAP to produce persistent hypertension, 
cardiac hypertrophy, cardiovascular hyalinosis and nephrosclerosis.!™ It is 
especially noteworthy, however, that even under optimal conditions of sensitiz- 
ation (by unilateral nephrectomy and a high Na intake) mesenteric periarteritis 
nodosa is extremely difficult to produce with LAP in the rat. This was all the 
more unexpected since in this species, systemic stress,‘ DCA overdosage and 
the “endocrine kidney” operation (cf. be!ow) all manifest a particular tendency 
to elicit periarteritic changes in the mesenteric vessels. Curiously, LAP pro- 
duces such arterial lesions in the kidney, pancreas, adrenals and heart. The 
possibility has been considered that the comparative resistance of the mesenteric 
vessels to the action of this impure preparation may be due to some specifically 
inhibitory principle contained in it.17* More recent observations show, however, 
that cortisone inhibits the production of mesenteric periarteritis nodosa by DCA, 
‘ven in rats which develop hypertension, myocarditis and nephrosclerosis under 
the influence of this combined hormone treatment. Hence the selective absence 
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only the vessels of the ‘clamped’ kidney are protected.'7 Curj sly, in ; 
(unlike in hypophysectomized) rats, purified ACTH allegedly diminishes at 
S the 


intensity of renal hypertension.!8° One wonders whether this could be 

to the same predominantly gluco-corticoid type of discharge which j« resng due 

for the beneficial effects of ACTH in patients with rheumatic ayq rhewntatea 
oi 


conditions, 

The diet exerts a particularly pronounced influence upon th. 
actions of LAP. Most of the pertinent observations have bee: made an 
sensitized to the production of hypertension and hyalinosi< }, ae fi 
nephrectomy. In these it was found that all the cardiovascular actions at LAE 


ca rdiovascular 


overdosage are greatly augmented by the administration of ¢\cess NaC] 151 

and are counteracted by acidifying salts (e.g., NH,Cl or CaCl.) which cq 

a sodium loss.'** The pressor effect of ACTH in man is similarly conditio ee 

by Na.1#2" ned 
Large amounts of carbohydrate, such as glucose or starch. counteract th, 

hyalinosis-producing action of LAP. In rats kept on various natural food stuffs 


such as muscle, “purina fox chow”, peas, lentils, corn, lima beans or rice, th 
degree of hyalinosis and cardiac hypertrophy roughly paralleled the pad 
content of the food.1** Control experiments showed that the hyalingel 
producing action of the LAP was specifically due to pituitary principles as é 
could not be obtained on any of these diets when similar lyophilized preparatio 
of liver were injected.154 iL 
Continuation of this work with synthetic diets revealed that ‘‘the hyper- 
tension produced by LAP treatment on a 30% protein ration was prevented 
by decreasing the casein concentration to 15%"18° Here the decrease in the 
protein (casein) concentration of the diet was effected by increasing the carbo- 
hydrate (corn starch) content. It is important to note therefore that when 
the corn starch was substituted by wheat starch, or even by an equicaloric 
amount of fat, this remained without any influence upon the hyalinosis-favoring 
action of the diet in the LAP-treated rat. Various protein preparations differed 
in their ability to promote cardiovascular hyalinosis; casein, egg albumin and 

wheat gluten were more effective than lactalbumin, gelatin or zein.186 
= me aad a even in rats sensitized to the hyalinosis effect of LAP 
y untlateral nephrectomy and a high NaCl diet, cardiovascular damage could 
ri iA produced if the protein (casein) concentration of the food mixture was 
aE wae to 15%. However, if in addition to the 15% protein, completely 
4 aot administered in an amount equivalent to 
Sieh, ten ee he ay up : ji he amino-acid-N to that of a 30% casein 
dae cart Mn Ce 2 point aed and hyalinosis. Addition, to 
production of cardio me = en shee ual amino-acids did not permit be 
perenne Rohe vascular hyalinosis by LAP. Glutamic acid, glycine, 
in this respect.8™ However, ev, norleucine and arginine all proved ineffective 
, even if rats are maintained on a completely protein- 
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y = f st . - 
put are given mi xtures of the purified essential amino-acids or protein 


fre’ ees jn adequate amounts, then LAP produces hyalinosis.’** Hence, 
pydsoly 4 ydrolysis of protein does not destroy the factors indispensable for 
arti ction of anterior-pituitary hypertension and hyalinosis; protein is 
aly effective as a sensitizing agent only by virtue of its constituent 
appr acids. 
amino Scan from every day clinical experience that hypertensive changes 
eacersely influenced by overeating. Since LAP increases food consumption, 
¢ teworthy, therefore, that it produces hyalinosis and cardiac hypertrophy 
it is nO n if the total caloric intake is maintained at a given level by 


in the mab even 180 
“paired feeding’."™ 
Vasopressor posterior-lobe extracts cause constriction of the coronary 


rteries with rather characteristic changes in the E.C.G. At the same time, 
sie cardiac output is greatly increased following an initial transitory decrease. 
Jn evaluating the possible role of endogenous vasopressin in the cardiovascular 
response to stress, it is important to remember that this hormone causes a 
marked blood-pressure rise only under certain conditions (e.g., in the ether- 
anesthetized cat or dog); in unanesthetized animals and man, the pressor effect 
js minimal or replaced by hypotension and bradycardia. Not even all anesthetics 


permit the production of increased blood-pressure by posterior pituitary extracts. 


The pressor action is not mediated by the nervous system, since it also occurs 
after destruction of the brain or spinal cord and after paralysis of the vaso- 
motor ganglia by nicotine. Probably the pressor action depends largely upon 
an increase in the capillary tonus and to a lesser degree, upon constriction of 
larger arteries and arterioles. To some extent, the hormone may even act by 
increasing the production of R.P.S., since it causes marked constriction of the 
renal arteries and this is known to stimulate R.P.S. production. It remains to 
be shown what réle, if any, vasopressin plays in the maintenance of the normal 
blood pressure and in the vasopressor responses during stress.1 
Several investigators maintain that vasopressin can produce arteriosclerotic 
lesions in experimental animals,’? although this effect is quite inconstant. 
Yet, as we have said above, vasopressin is undoubtedly a powerful vaso- 
Constrictor, particularly of the coronary arteries; it is because of this action 
that it uncovers latent cases of coronary disease.** Overdosage with vaso- 
Pressin may even cause fatal myocardial infarction in man 1®* as well as renal, 
splenic and other infarcts in the rat; 1 hence endogenous overproduction of 
this hormone may well play a part in the pathogenesis of certain cardiovascular 
diseases of adaptation. 
Bese relationship between vasopressin and R.P.S. is also suggested by in 
k €xperiments, indicating that the pressor effect of the forr 
cach Pettensinase-containing renal extracts,” b n¢ 
Teactions are of importance in vivo. 
BN hs ill aL 
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shock manifestations which are due to adrenaline liberation. It was fig 

that after adrenalectomy — or even after mere denervation of the adrenals nd 
the usual vasopressor responses and the tachycardia no longer occyr. The 
very mild reactions of this type which are occasionally stil] demonstrable Be 
adrenal deprivation, may well result from sympathin liberation. [f adrenalec. 


tomized animals are exposed to comparatively severe alarming stimulj the 
not only fail to respond with a rise in blood-pressure, but develop severe and 
often fatal hypotension. The failure to develop an immediate pressop response 


is probably due to adrenaline deficiency, the severe hypoten 

corticoids.1% 

Adrenaline elicits only a temporary rise in the resting blood pressure of 
adrenalectomized animals, and their tendency to develop severe hypotension 
during stress can not be effectively combatted by this hormone. [ny fact, after 
an adrenalectomized animal has developed hypotension as a result of exposure 
to a severe stressor, the administration of adrenaline may further aggravate 
the decline in blood-pressure." 

The vasoconstrictor action of adrenaline in the mesenteric territory of the 
rat likewise declines progressively after adrenalectomy. This has been ascribed 
to an impairment of VEM formation by the kidney, which in turn would be 
induced by the hypocorticoidism.19$ 

Traces of nor-adrenaline allegedly restore the abnormal vascular response 
to adrenaline in adrenalectomized dogs. Hence, perhaps both adrenergic hor- 
mones must be discharged from the medulla during stress to permit a normal 
pressor response.!%? 

Be this as it may, all these observations suggest that it is not because of an 
adrenaline deficiency alone that adrenalectomized animals tend to respond 
to stress by pronounced hypotension. 

Corticoids are highly effective in maintaining the resting blood-pressure of 
adrenalectomized animals at about the normal level; at the same time, they 
counteract the tendency to develop severe hypotension upon exposure to sys- 
temic stress. Cortical extracts, gluco-corticoids and mineralo-corticoids are all 
effective in this respect, although the relative potency of individual steroids 
have not yet been systematically studied from this point of view. 

The hypertensive effect of DCA-overdosage (cf. p. 523) is not, or only 
slightly, increased by adrenalectomy in the rat,2° or dog; 7° yet the produc- 
tion of cardiovascular hyalinosis by DCA is markedly enhanced in rats deprived 
of their adrenals,?°* presumably because they lack the antagonistic gluco- 
corticoids. 

The experimental hypertension produced by various kidney-lesions is all 
but abolished by adrenalectomy and is difficult to re-establish by substitution 
therapy with NaCl, cortical extracts or DCA.2°4 However, this is merely a 
matter of dosage, since large amounts of DCA or cortical extracts restore the 
pressure to the pre-adrenalectomy hypertensive level in the rat,20 and if the 


sion to lack of 
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condition of the adrenalectomized animals is well maintained by 
genera corticoid treatment, then renal interventions do produce their usual 
e 


adequat offect.2°° Significantly, in rats whose renal-hypertension has been 
pressor “an adrenalectomy, the original high blood-pressure levels are reéstab- 
abolishe desoxocortisone or (to a lesser degree) DCA, much better than by 
jished b xtracts.07 Presum ibly, in the intact animal, interference with the 
cortical Aiton does not raise the blood-pressure through its effect upon the 
renal a et renal (like most other) pressor substances, fail to maintain a 
adrenals: Y ressure level in animals suffering from cortical insufficiency. If the 
igh Pe cdiem is treated with mineralo-corticoids, which have a marked 
hypocot Rect of their own, the blood-pressure rise will be more pronounced than 
ee octicoids are used for this purpose. Evidently much more than a 
if ance dose of corticoids is required to permit survival with a persistent, 
mai 


re hypertension, after interference with the renal circulation. 
seve 


It is not clear why, afte: experimental renal interventions, cortisone mniecs 
the blood-pressure more markedly in adrenalectomized than in intact rats. Je 
Incidental renal trauma, increased salt appetite, a defect in the detoxification of 
cortisone, OF elimination of some anticortisone compound may have to be 
considered. 

In rats bearing an “endocrine kidney” and receiving adequate substitution 
therapy (NaCl plus cortical extract), adrenalectomy diminished, but failed 
to prevent, the development of hypertension and hyalinosis.2% 

Observations on cats in tourniquet shock showed that after adrenalectomy 
the usual arterial and arteriolar constriction still occurs in an essentially normal 
manner. This was taken to indicate that the above vasopressor responses are 
not solely mediated by adrenal hormones. 

Studies on the effect of anoxia in vagotomized dogs, led to the conclusion 
“that the adrenal gland plays little part in the production of the hypoxemic 
pressor response, but plays a major réle in the production of the arterial pressor 
response after re-aeration’’.21° 

After adrenalectomy, the hypertension normally produced by prolonged 
auditory stimulation is replaced by hypotension. Replacement therapy with 
cortical extract and salt resulted in a return to normal systolic pressures, but 
hypertension was not restored. It was suggested that the elevation of blood- 
Pressure caused by prolonged auditory stimulation is due to the production 
of more than maintenance amounts of corticoids. Emotional excitement usually 
Causes some increase in muscular activity, but this was never very pronounced 
in these experiments. It was concluded that “...it seems improbable that exercise 
Was the alarming stimulus in our experiments, but fear has been considered 
* Potent alarming stimulus and may have been the initiating 

It has been claimed that partial const the adre 


Cause permanent hypertension.?!*_ Howe 
are extremely vari : WS or 


Or 
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increased elimination of adrenaline caused by the resulting adrenal] ischemi 
In any event, this effect is never very pronounced and hardly play na 
réle in the cardiovascular reactions during the G-A-S. 

The intravenous injection of VEM causes progressively less marked ae 
responses in adrenalectomized rats maintained on salt. From this it wee Ssor 
cluded “that the reactivity of the peripheral blood-vessels is dependent a 
the adrenal cortex’’.*"* Pon 
The atherosclerosis, normally produced by cholesterol feeding, is not vite 


213 


vented by adrenalectomy in rabbits receiving maintenance doses of DCA 214 

Adrenaline administered in moderate doses, raises the blood-pressure aa 
strengthens the heart beat of the intact animal. At the same time the puls 
rate is slowed, due to a vagal reflex through the pressoreceptors of the caraig 


sinus and the aortic nerves. This bradycardia is elicited only if the blood. 
pressure rises, not if it is kept low by bleeding. If the vagi are previously tran- 
sected, or eliminated by atropinization, adrenaline increases both the rate and 
the strength of the heart beat. In man, adrenaline quickens the heart rate, even 
without atropinization, when it is given subcutaneously in small doses,215 
Approximately physiologic doses of adrenaline influence the various vascula: 
territories unequally. The arterioles and capillaries of the mucous membranes 
skin and splanchnic viscera (except the intestinal vessels), are constricted: 
simultaneously, the coronary vessels as well as those of the skeletal muscles and 
intestines are actively dilated. At these dose levels the vasoconstrictor effect 
predominates over the vasodilator action and hence the blood-pressure rises. 
In coronary sclerosis, the dilatation of the cardiac arteries (if it occurs) is 
overshadowed by the other effects and angina results. The arteries of the 
brain are passively distended through the general rise in blood-pressure. The 
lung vessels are not particularly affected unless large doses are given; these 
constrict them. As a result of such changes, there is a redistribution of the 
blood, so that more becomes available to the skeletal and cardiac muscles, at 
the expense of the splanchnic area and skin. Curiously, very small doses of 
adrenaline may cause a fall in blood-pressure, presumably because the vaso- 
dilatation in the muscles overbalances the vasoconstriction in the skin and 
abdominal organs.*'® Patients with essential hypertension often exhibit such 
“paradoxical’’ (hypotensive, or at least biphasic) responses to adrenaline.?"” 
When very large doses of adrenaline are administered, the blood-pressure 
falls rapidly after an initial increase and death in shock with hypotension 
ensues. It has been claimed that here the constriction of the smaller arteries, 
caused by adrenaline, produces shock somewhat like a tourniquet does, by 
interfering with the nutrition of the tissues.2!% 


Long continued administration of adrenaline leads to arteriosclerotic changes. 
for instance in the rabbit, but most other species are singularly resistant to this 
effect.*!® Much has been written about the fact that the arteriosclerotic lesions 
caused by adrenaline are usually accompanied by considerable calcification 
of the vessel walls. However, most of the pertinent work was performed in 
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pit, and this species tends to respond with vessel calcification, even when 

the an changes are produced by other means (cf. Burns, p, 501). 
antec retreatment augments the pressor effect of adrenaline in man?" 
D it is reasonable to suspect some synergism between the pressor action 
ae endogenous adrenergic and mineralo-corticoid hormones produced during 
ions inactive tissue extracts can sensitize vessels to the constrictor action 

ar Cocton een oa 

adrenaline. Thus perfusion experiments on the rabbit's ear have shown 

209 


h + vaso-inactive extracts of the kidney **1 and of other organs 2** cause vaso- 
tha’ 


ection when the perfusion fluid (Ringer-Locke) is supplemented by 
ee Behold doses of adrenaline. Apparently, normal plasma contains suf- 
subt a amounts of adrenaline (or related compounds) to effect such an 
Been of (in themselves inactive) organ extracts.??8 
ac 


The sensitization to the vasoconstrictor action of (in itself inactive) VEM, 
by subthreshold doses of adrenaline — as estimated in the rat mesoappendix 
test (cf. P- 234) — is so striking that it serves as the basis for the routine 
bioassay of VEM preparations. It is uncertain whether the above-mentioned 
tissue extracts and VEM act through the same mechanism. In the interpreta- 
tion of vasopressor responses during the G-A-S, it is important to remember, 
however, that several organ extracts increase sensitivity to the vasopressor 
action of adrenaline. Furthermore, destruction of the sympathetic nerves *°* 
or treatment with “T E.A.” (tetraethylammonium) chloride * similarly sensi- 
tize the vascular system to adrenaline. Since T.E.A. also sensitizes to the 
yasopressor action of renin and hypertensin,2*° it has been suggested that 
this, and perhaps also other sensitizing compounds, act by blocking amine- 
oxidases. 

Conversely, numerous adrenolytic substances inhibit the vasopressor action 
of adrenaline. Since not all of these can prevent the vasopressor effects of 
sympathetic stimulation, “adrenolytic” and “‘sympatholytic” actions must be 
different.22? Yet, it is possible that all these substances act through the same 
mechanism; perhaps only the sympatholytics can penetrate readily to the 
sympathetic nerve endings where they must reach in order to be effective. 

The often marked potentiation of the pressor action of adrenaline by various 
adrenaline-derivatives, may well be due to competition for the same amino- 
oxidase system.228 

The vasopressor action of “urosympathin” — which is probably a mixture of 
hydroxytyramine, arterenol and adrenaline — has been subjected to careful 
study, since allegedly large amounts of it appear in the urine of patients with 
essential hypertension. Indeed, the possibility has even been envisaged that 
such vasopressor amines are used as raw materials in the synthesis of hyper- 
tensinogen, from which renin liberates active hypertensin.*° 
In patients with essential hypertension there must be “an up 
€ base line from which the homeostatic me c 
€ pressor effect of adrenaline is about the 
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Although pertinent data are somewhat contradictory, the bulk of 


. =; . y ; evid, 
suggests that experimental renal hypertension increases sensitivity to ; ence 


and other pressor amines.**! Furthermore in experiments on dogs, Se 
hypertension was produced by partial constriction of the renal artery, i ich 
noted that the renal blood-flow became extremely susceptible to ie Was 
constrictor action of small doses of adrenaline; the flow may Vaso- 


considerable periods of time if large doses are administered 
constriction of one renal artery results in pronounced arterial 
subthreshold doses of adrenaline are simultaneously given.” 
doses of some pressor amines (related to adrenaline) can 


Even Partia] 
“ypertension jf 
Yet, threshold 
actually diminish 


the blood-pressure in animals with experimental renal hypertension,233 Thi 
was tentatively ascribed to a stimulation of the pressor-amine-destroying 
enzyme system. Such findings may furnish an explanation for many conte 
dictory data in the literature. Perhaps in renal hypertension the production 
of pressor amines is increased and their enzymatic destruction decreased 


It could thus depend upon experimental circumstances (e.g., the kind of com- 
pound and the dose used) whether the injected pressor substance raises or 
diminishes the blood-pressure. It would cause an unusually pronounced pressor 
response, under experimental circumstances which interfere particularly with 
its normal detoxification in the kidney; yet it would actually decrease the pre- 
viously high blood-pressure level whenever it stimulates the enzymatic destruc- 
tion of (endogenous) pressor amines more than is necessary to detoxify the 
injected (exogenous) compound itself. This effect, if confirmed, would agree 
with the view (cf. p. 530) that an impairment of the renal detoxification of 
pressor compounds plays a réle in the pathogenesis of those types of hyper- 
tension which result from kidney damage (e.g., renal vessel compression, LAP, 
DCA, desoxocortisone). 

During severe traumatic shock, the vasopressor action of adrenaline becomes 
increasingly weaker and finally disappears completely as shown, for instance, 
in extensive experiments on the dog.”* Essentially the same is true of hemor- 
rhagic shock, yet adrenaline and many of its derivatives can raise the low blood- 
pressure in these conditions, as long as shock is not too severe.**° 

It is also of interest that adrenoxyl allegedly diminishes the capillary 
fragility and cutaneous purpura normally produced by severe x-irradiation 
in mice.?354 

All these observations illustrate the manifold complex ways in which adrenal- 
ine and allied compounds can participate in the vascular reactions of the G-A-S. 
It may be well to summarize the salient, well established facts: (1) Adrenaline 
influences the various parts of the vascular tree unevenly, causing constriction 
in some, dilatation in other regions. (2) Its vasotropic effects can be aug- 
mented, inhibited, or reversed by the simultaneous presence of many condition- 
ing substances. (3) Adrenaline and related compounds can be produced by 
various tissues, e.g., adrenal medulla, extra-adrenal chromaffin cells, sympa- 
thetic nerve endings, and — at least under conditions of disturbed blood- 
supply — perhaps even by the kidney and other tissues. (4) Finally, adrenal- 
ine and similar pressor amines can be transformed during metabolism into 
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yen depressor compounds. Because of these numerous complicating 
ao ‘ficult to assess precisely the rdle of adrenaline-like compounds 


jnert or ‘ is di 
factors * diovascular responses to stress. Yet undoubtedly such compounds 
jn the car ed during the A-R, at least from the adrenal-medulla, at sympa- 
re dischar endings and perhaps also from other cells. 
thetic aol vascular actions of corticoids probably play a very important 
The ail aM G-A-S and its diseases. Early experiments with adrenal trans- 
role pie inconclusive results *° as this technique does not lend itself to 
plants en of hypercortic oidism. The excess adrenal tissue, if it takes at all, 
the Se to “compensatory atrophy” in the presence of the hosts’ adrenals: 
involutes Fr hand, if many grafts are implanted (with the view of producing 
n the Be catamn from absorption of the hormones they contain), allergic 
ein reactions of the vascular system develop much before any 
A tle hormone intoxication. 


vations showing that organic cardiovascular lesions can be 

e Be taced by pr hypercorticoidism were made with DCA. 
one : ie on intact rats receiving a normal Na intake, had already suggested 
Pe one slight cardiac and renal hypertrophy,?** as well as hypertension ,?** 
a oe roduced by chronic overdosage with DCA, but most mammals are 
site Ee cusitive to the toxic action of this compound unless they are specially 

cf. below). 

ea evaluation of the mechanism through which DCA produces hyper- 
tension and cardiovascular lesions, it is probably rather ene that ae 
paratively high doses have to be administered over a long time be a oo “ 
changes are observed. In other words the effects of the hormone are ae y 
cumulative. This suggests that the mineralo-corticoids do not act t a 
a direct constrictor effect upon the blood-vessels, as the other ae oe 
sances (e.g., adrenaline, vasopressin, hypertensin) do, but pease’ t — 
a more complicated mechanism, perhaps through the intermediary 0 we - 
organ (e.g., the kidney). It is also significant that among the saved + sei 
so far examined, only mineralo-corticoids proved to be consistently eltecti 
in producing hypertensive diseases. 

In the ian oF these observations, it is difficult to evaluate the Per _ 
folliculoids, testoids and luteoids cause an almost immediate rise in me B 
pressure and that similar effects are more easily produced by small (0.5 mg. 

: : _ per day) of DCA. Since this work was 
per day) than by ‘‘large” doses (1 mg. Pp y eee 
done on large (180-250 gm. body weight) intact rats, not sensitiz ; nae 
way to the pressor action of this hormone, it would appear in vie On ues 
quent observations that all these doses were near or below the thres of cue 
It is especially surprizing to note that 0.5 mg. of DCA per day su pager 
taise the blood-pressure by 20 mm. Hg. in one day and by 40 mm Hg. in nit 
days, while half this dose of estradiol caused a 
within a week, stilbestrol allegedly | 
Magnitude,240 It is ss a «: 
but Since they re 
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ance of most laboratory mam: 
“*LENSive 


The comparative resist 


and vasotoxic actions of mineralo-corticoids greatly delay Pie 
elucidation of their possible réle in clinical hypertensive d tunately 
however, a very useful test object was subsequently provid ; cha y 
tion that young chicks are extraordinarily sensitive to th mS than 
even small doses of DCA sufficed to produce heart failur a edern 
ascites, cardiac enlargement, pericardial fluid accumulation we. Pe 
nephrosclerosis.2** Numerous other steroids — includin es of an 
active adrenal-cortical extract — failed to produce similar 90 thant 
festations, although in the highly sensitive chick (apart fro: acetoxy. 
pregnenolone and progesterone also proved to be effective espect.242 
It will be noted that these steroids are all devoid of oxyg and all 
possess at least a slight mineralo-corticoid effect. 

Among the animal species so far examined, the fowl a: vere most 
sensitive to the hyalinosis-producing effect. Yet, DCA also causes hyperten- 
sion in the dog; this may even persist for a long time after DCA-treatment 
is discontinued. After suitable sensitization (by unilateral nephrectomy and 
Na-supplements, cf. below), even vascular hyalinosis has occasionally been 
found to occur in the dog, guinea-pig, hamster, monkey, mouse and cat follow. 


ing heavy overdosage with this compound.*** However, some of these species 
are very resistant. In one experiment in two dogs on a high NaCl intake, even 
2 gm. of DCA failed to cause hypertension or even edema, paralysis or loss 
of weight! Autopsy findings were not reported.**° This degree of insensitivity 
is certainly exceptional, but it illustrates the truly astonishing efficacy of 
desensitizing mechanisms, a better understanding of which may well be of 
great therapeutic value. It is noteworthy in this connection that adult dogs 24 
are much more resistant to DCA than young ones.?4*” 

The blood-pressure — and even more constantly the pulse-pressure — 
of normal man also becomes elevated following treatment with DCA and NaCl, 
but only after a long period of time.*4* Intravenous injection of DCA (5 mg. 
in propylene-glycol solution) caused little or no immediate rise in the blood- 
pressure of normal human beings.*47 (Cf. Effect of DCA in Addisonian and 
hypertensive patients, p. 533.) 

We shall now discuss the sensitization by Na and by partial nephrectomy 
conjointly, as both these agents appear to act similarly; perhaps because they 
favor Na-retention, which in turn impedes the detoxication of R.P.S. by the 
remaining kidney tissue. The first pertinent observation was that NaCl increases 
the nephrosclerotic action of DCA in the chick. Curiously, unlike in mammals, 
substitution of a 0.9% NaCl solution for the ordinary drinking water in itself 
sufficed to cause nephrosclerosis and other manifestations of hyalinosis in 
chicks, but ingestion of more dilute (0.2%) NaCl solutions did not produce 
such lesions unless the birds were simultaneously treated with mineralo- 
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-h as D¢ . t that in the fowl, a high NaCl intake imitates 
aids. suc? & = f od248 A d 
-orticole™ dosage h en conlirmed, All these observations le 
pea over iotion t wrticoids exert their toxic effect upon the 
ssutl : , pif 
o the assu . syste r action upon Na metabolism.?*® 
-»yvascu . ‘. , ~ 
ardiov4 nt experin that if DCA-treated rats receive 1% NaCl 
subseque lik — develop cardiovascular hyalinosis with 
drink mey ~ ~~ 7 


Effect of DCA u the cardiovascular system of the 
ystem 1 4 
Were sensitized te ah Minereloaccrticotd actions by unilateral nenhredeety te a Poe “a 
a of 1% NaCl as drinking fluid. DCA was given in ie form 0 4 
“taneously, — A, Heart and pulmonary lobe of a norm: oa 
of DCA-treated animal, shaused marked enlargeme heart with rounding 
wateristic of hypert . Note also pronounce: 
cae of death tn DOA animals. — C. Mesenteric vessels 
ark lines in the white mesenteric fat). — D. Intense 
“cular tree of a DCA-treated rat. 
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Effect of desoxocortisone u: 
pon th - ; 
have been unilaterally oh olin pee besten i the rat. All animals in this experiment 


in the myocardium of a normal control NaCl as drinking fluid. — A. Arteriole 
cortisone treated rat. There is ne ei ee nerble in the myocardium of a desoxo- 
and the outer walls are greatl pe dark layer of hyalin material underneath the intima, 
eric artery of a destorsicsetiaon ee by a granuloma. — C. Section through a mesent- 
with. sicadaie bs anton: Bayete rat. Irregular hyalin deposits underneath dark line 
direct contact with ctrcailadi, “bl lothelium is loosened and in some places the intima is in 
normal structure because of 4 ood. The outer coats of this artery completely lost their 

e of the proliferating granuloma tissue. — D. Periarteritis nodosa in 


a pancreatic vessel with normal i 
ane ne fxs 
throughout the pancreatic actin, i acini on the left. Similar changes were seen 


‘ Edema and i i ‘ i 
evident even at ; and connective tissue proliferation were 
dots in the oie cee is the vessels between the pancreatic ie The large black 
grin shatieaiey hardens the Sendo to blood pigment containing macrophages. Note 
se lesions and those produced by DCA. (After Selye B43385/50:) 
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types of periarteritis no 
various ed by DCA overdos 
ae he pancreas of the rat 
28° light edema of the 

& ‘thout hyalin deposi'' 
s infiltration 


9 the nuclei 
.. first stage, 
this é coat become 


with irregular hyalinization of the 
intima, — Formation of 
hyalin “cushion” on one side o 
the vascular lumen, due to deposi- 
tion of protein material between 
the intima and the wavy, intensely 
staining, clastica interna. Note 
also numerous blood-pigment con- 
taining phagocytes in the adventitia, which appear here in the form of large black dots. — 
D. Concentric hyalin deposit which distends the elastica interna, so that the latter is no longer 
wavy. Note also swelling of muscular cells in the media and dark blood-pigment containing 
macrophages in the adventitia. — E. Hyalin deposit underneath the intima and intense granul- 
omatous proliferation throughout the adventitia. The connective tissue and round-cell coa- 
taining granuloma also envelops a small nerve, which traverses this field near the upper border. 
(Selye 35935/ND.) 


nephrosclerosis and hypertension more readily than on tap water, and that 
their sensitivity to all these toxic effects is further raised by unilateral nephrect- 
omy,2°° as well as by the nephritis induced by “anti-kidney serum”.**! Later 
systematic studies in the rat revealed that “the sensitization by NaCl is not 
due to the Cl ion, but to the Na ion, as indicated by the fact that other chlorides 
are ineffective in this respect, while other Na salts share this action of NaCl"’.*** 
The sensitization to these toxic actions of DCA by NaCl has repeatedly been 
confirmed both in intact rats and those with renal damage.”** 

Conversely, rats maintained on a completely Na-free diet appear to be entirely 
resistant to the hypertensive, nephrosclerotic and arteriosclerotic actions of 
DCA (even after unilateral nephrectomy), although treatment with this steroid 
continues to produce the usual adrenal-cortical and pituitary atrophy.*** Inci- 
dentally, the life-maintaining action of DCA in the adrenalectomized rat is 
not prevented by the sodium loss induced with ammonium chloride.255 All this 
Suggests that Na is mainly necessary for the renal and cardiovascular toxicity 
of DCA overdosage, not for its other actions. 


250 Selye et al. B ‘ 
Seve al B235/45, A58748/43, 
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Chronic types of periarteritis nodosa pro- 
duced by the “endocrine kidney” in the rat. 
All five photographs are taken from various 
mesenteric arteries of the same rat, 58 days 
after the “endocrine kidney” operation. 
(Mallory's fibrin stain). Only few animals 
have survived this intervention that long. — 
A. Proliferative endarteritis beginning to 
restrict the lumen. Well vascularized granu- 
loma throughout the arterial wall. (The 
white channels correspond to large sinus- 
oids.) — B. “Palissade-like” arrangement of 
the cells in the wall of a periarteritic nodule. 
Note again wide sinusoids and several large 
polynuclear giant cells near the center of 
the field. The endothelium is loosened and 
covered with a non-organized fibrinoid de- 
posit. — C. High magnification of a portion 
of the intimal region from fig. B. Note the 
gradual infiltration of hyalin into the outer 
vessel coats (“dysoria”). — D. High magny 
fication of the giant cells from fig. B. — E. 
substitution of its layers by scar tissue. The 
n like hyalin. (Selye 35935/ND-) 


ya obliteration of a mesenteric vessel with 
ark masses in the region of the former lumen stai 
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Periarteritis nodosa produced by DCA overdosage in the pancreas of the rat. — A. Numerous 
leucocytes of the circulating blood (top) become adherent to the endothelium. Underneath 
the latter, there is a now partially organized hyalin deposit. The adventitia is infiltrated with 
many pigment containing macrophages. — B. High magnification of A. Note thick hyalin 
deposit (top) on the inner surface of the intima. The latter appears to be perforated by a 
pear-shaped chromatin structure, presumably the nucleus of a mesenchymal cell. Dysoria 
often commences in this manner, the perforations apparently opening the way for hyalin 
infiltration of the sub-intimal layers. (Selye 35935/ND.) 


It is tempting to seek, in the sensitization by Na, an explanation for the 
empirically established beneficial effect of low-sodium diets which has been 
noted in many cases of clinical hypertension.?°° 

Small doses of an aqueous cortical extract were without effect in renal 
hypertensive dogs,*** but a lipo-cortical extract (rich in gluco-corticoids) 
allegedly diminishes the blood-pressure of rats with renal hypertension.*** 
This is surprising since even cortisone aggravates experimental renal hyper- 
tension in the rat.?°° 

DCA further raises the blood-pressure of renal-hypertensive dogs and may 
cause fatal lung edema.2*° In rats with various types of mild renal hyper- 
tension, DCA also causes a more pronounced pressor response than in norma! 
controls.2*1 The occasional negative findings *** may have been due to the use 
of subthreshold doses of DCA or the production of an already maximal renal 

ypertension which cannot be further aggravated by corticoids. 

The findings concerning the effect of complete nephrectomy upon the 
above-mentioned toxic actions of DCA, are somewhat contradictory. If rats 
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are pretreated with DCA until they just begin to develop hyp 
hyalinosis, the progress of the hypertensive disease is appa: 
by bilateral nephrectomy. Here the animals were maintained 
good condition after nephrectomy, for about 10 days, by p 
Under exactly comparable conditions, intact rats developed » 
sion and fairly pronounced vascular hyalinosis.** 


On the other hand, short term experiments on complete, 
rats (in which peritoneal dialysis was unnecessary), led to 
“that the pressor action of DCA was present in the absence « 
The evidence thus supports the suggestion that the kidney 


rtension but No 
tly interrupteq 
SOMParatively 
toneal lavage, 
rked hyperten. 


; ephrectomized 
the conclusion 
both kidneys, 
concerned jn 


the excretion and possible inactivation of the steroid’’.*°* Indeed in the DCA 
treated rat the blood-pressure may continue to rise after bilateral! nephrectomy,265 
Yet, there is no actual evidence showing that kidney tissue can detoxify DCA 


while we have ample experimental material to prove that R.P.S. is detoxified 
by the kidney. Thus, it is perhaps more compatible with all known observations 
to postulate that DCA interferes in some way with the normal detoxification of 
R.P.S. by the kidney and, at the same time, it may also increase their produc- 
ion.**° Occasionally, DCA does seem to cause some rise in blood-pressure 
after complete nephrectomy. However, this is not incompatible with the above 
assumption if we accept, as some authors do, that pressor principles (similar to 
adrenaline or to those normally produced in the kidney) can, to a lesser extent, 
also be manufactured elsewhere in the body. Indeed some actual colorimetric 
assays suggest that DCA (or non-specific stress) increases the concentration 
of “adrenaline like’ substances in various tissues.*® If this be true, DCA 
could continue to increase the production of pressor substances after nephrect- 
omy. These would be particularly effective in the completely nephrectomized 
animal, since here they could not be detoxified. Furthermore, complete nephrect- 
omy in itself tends to raise the blood-pressure temporarily by increasing the 
blood-volume (cf. p. 538). 


In intact, and even more so in partially nephrectomized animals, DCA might 
thus raise the blood-pressure through three mechanisms, namely: (1) by in- 
creasing renal and extra-renal pressor substance production, (2) by interfering 
with the normal detoxification of renal and extra-renal pressor substances in 
the kidney, (3) by increasing the blood-volume. 


The second possibility received strong support from experiments on the rat, 
which showed that DCA-pretreatment increases the intensity and duration of 
the hypertensive response to the injection of hypertensin almost as much as 
complete nephrectomy. It was concluded that the renal detoxification of 
endogenous R.P.S. is probably similarly impeded by DCA.2°™* More recently, 
it was reported that DCA-pretreatment does not increase significantly the 
pressor response to hypertensin, renin or adrenaline; this was taken to mean 
that DCA-hypertension cannot be ascribed to vascular hypersensitivity." 
However, even the latter report emphasizes that the responses to all three 
pressor agents ‘‘were slightly greater in DCA-treated than in control rats ; 
perhaps the lack of consistent results was due to the fact that here only single 
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eeure measurements were done and the duration of the pressor 
plood Pr which is most markedly affected) has not been determined. 
€ ’ 
-., of the frequent co-existence of hypertension and diabetes, in man, 
In F eating that partial pancreatectomy (95%) increases the pressor effect 
js inter eete 
it (DCA in the rat «aie ide oa 
of xic effects of cardia glucosides are diminished by DCA-administra- 
a he rat; conversely, the cardiac hypertrophy, ascites and anasarca, 
tion in d by high dos« of DCA (in rats sensitized with thyroid and NaCl), 
Be aiccated by the intravenous injection of such glucosides.**" 
r me y , ‘ : 
was 4 ium administration does not influence the hypertension and hyalinosis 
ae by DCA in the chick,”°* the mouse,2"" or the rat.?"° This is true even 
eh potassium is given to prevent the usual hypokalemia. 
shia ipparently also have some influence upon the develop- 


The sex hormones 


t of these lesions. Hyalinosis and hypertension is more readily obtained in 
men : 


Je or castrate male rats than in intact males,?7! while simultaneous treat- 
ee aa testoids (e.g.. methyl-testosterone) counteracts these toxic effects 
OA. 272 The mechanism of this inhibitory action has not yet been adequately 
oa d Since testoids cause adreno-cortical involution, they could act, at 
—- +l by repressing the endogenous mineralo-corticoid production. It 
.. _ Preble however, that their beneficial effect is due to their reno- 
: rile a which augments the active tubular mass and thus produces the 
ile of what is accomplished by unilateral nephrectomy. It 4 vet ane 
that healthy kidney tissue inactivates the vasotoxic R.P.S., suc as = fae 
produced under the influence of DCA. In any case the wi Sh Sets “ 
difference is never very marked, and in some colonies of rats oat es are mo 
sensitive to the hypertensive action of DCA than the females. ¥ ' 
The cardiovascular toxicity of DCA is more effectively inhibited in the 


rat by “acidifying salts’ such as ammonium chloride,*"* ammonium sulfate, 


ammonium nitrate and calcium chloride.’ Presumably all these compounds 


act by depleting the Na-reserves of the body. 


Since many of the manifestations of hyalinosis r 
acteristic of acute rheumatic fever, attempts have beer es 
toxicity of DCA with salicylates, but the results were inconclusiv 
zed by unilateral nephrectomy and 
tion by stomach tube of a 25% 


esemble the changes char- 


been made to prevent the 
e276 


eee tery experiments on rats (sensiti 
aCl) suggested that forced administra 
dextrose Pie, diminishes the hyalinosis and cardiac hypertrophy normally 


Produced by DCA.277 However, this is hardly a specific ais Rea gio 
Subsequent systematic experiments with diets containing : erent Pp en 
tions of carbohydrate and protein revealed that while the hypertension 
nephrosclerosis produced in the rat by anterior- a el i 
vented by low protein diets the otherwise : i 
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corticosterone overdosage are largely independent of the lietary 


intake”.27 Perhaps the forced administration of the dextrose solution A ie. 
the stomach tube acted merely by washing out sodium, somewhat like F 
e 


acidifying salts do. 
If DCA-treated rats are kept on diets rich in phosphates. « 


hyalinosis 
eg? : ; a 
especially the nephrosclerosis is particularly severe. Histologi nd 


is “Xamination of 
the kidneys reveals, however, that here numerous calcified cist. are formed ; 
the tubules (presumably due to precipitation of calcium phosphates) go that 


considerable destruction of renal tissue results. Probably th. 


phosphates d 
not specifically sensitize to the vasotoxic action of DCA, bu 3 


ict merely by 


aggravating the renal insufficiency, just as partial nephrectomy does,279 

A few subsequent investigators failed to produce hypertension hyalinosig oy 
nephrosclerosis with any regularity in rats treated with DCA 2° Peppa ris 
they used insufficient doses of steroid for the degree of sensitization (if any) 


which they employed.?*4 

Although no breed of rat has as yet been shown to be entirely resistant to this 
action of DCA, some are considerably more sensitive than others; 282 disregard 
of such genetic factors may also explain some negative findings. 

In intact dogs, pretreatment with DCA gave some protection against the 
hypotension normally caused by frauma*** or carbon arc _irradiation.284 
Allegedly similar protection was obtained with an adreno-cortical extract 
against tourniquet shock in the dog.*®° However, the pressor effect of corticoids 
is rarely pronounced in such acute experiments. 

It has been claimed that even single, small, intramuscular injections of DCA 
can cause hypertension in the rat and that this is ameliorated by the ingestion 
of histidine and ascorbic acid, while the anti-histaminic substance “antistine” 
tends to prevent this inhibition. It was concluded that “these findings would 
indicate that histamine is a factor in ameliorating experimental hypertension 
induced by DCA”’.*8° These observations have not yet been confirmed and, 
as they are contrary to common opinion, they must be evaluated with care. 
We have recently observed that an antihistaminic, phenergan, prevents the 
hypertension and hyalinosis (including the nephrosclerosis) normally produced 
by DCA in unilaterally nephrectomized, NaCl-sensitized rats.?5"* 

A recent review of this subject mentions many observations suggesting, on 
the basis of more or less indirect evidence, that the increased capillary permeab- 
ility caused by histamine, bacterial toxins, excessive muscular exercise, etc. is 

counteracted by various cortical preparations.?8* However, most of the work 
referred to, was performed with comparatively impure extracts or DCA and 
requires confirmation. One investigator states that the arteriosclerotic changes 
produced by nicotine in experimental animals are accentuated by DCA, 
but gives no details concerning the experimental procedure upon which this 
conclusion was based. 
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;-kidney serum in doses causing mild hypertensive nephritis in the 


Ant atly jncreases the vasopressor and nephrotoxic actions of DCA.2%* 
sat, 9° an anti-rat-placenta serum also increased these toxic effects of 
Hower, ‘hence the action of the anti-kidney serum is not entirely specific. 

whe fact that the low blood ‘pressure of Addisonian patients is significantly 

d consistently increas , DCA is so well known that it hardly deserves 

mentioned. If the tient simultaneously receives large doses of NaCl, 

“ cardiovascular disturbances may result. The cardiac x-ray shadow 
serio” idly becaus« blood-volume rises. At the same time, there is a 


Ei ses rap’ : “ 
acy towards the retention of extracellular fluid and especially of sodium?” 


Sometimes an Seedemat pee or “myopericardial cedema’’, with 
cardiac insufficiency an: ungs ema has been noted at the autopsy of such 
DCA-overdosed Addisoni ins.e 

If, under the influence 0! chronic overdosage with DCA and NaCl, hyper- 
tension develops in an Addisonian patient, it is usually accompanied by edema.?* 
Especially marked, and sometimes ‘dry hypertension (i.e., without water 
retention) ensues in patients who previously suffered from renal damage and/or 
slight hypertension.”°* These clinical observations have been compared with 
the sensitization to the hypertension or hyalinosis-producing effect of DCA 
which we induced by renal lesions in the rat. It was concluded that probably, 
both in animals and in man, renal insufficiency, or a preéxistent hypertensive 
tendency, predispose to the pressor action of corticoids; hence the latter may 
well play a prominent réle at least in certain types of essential and renal hyper- 
tension. 

In postural hypotension, combined treatment with DCA and NaCl also 
actively raises the blood-pressure, although with the doses used, no actual 
hypertension ensued. Here, this hormone is actually of therapeutic value.** 
"In patients with preéxistent, uncomplicated hypertension, DCA (e.g., 5 mg. 
subcutaneously, twice daily) causes a definite rise in blood-pressure within a 
few days, but this effect is pronounced only if the diet contains adequate 
amounts of sodium.2% In hypertensive patients, even a single, intravenous 
injection of DCA (5 mg. dissolved in propylene glycol) caused an almost 
immediate elevation of the blood-pressure, while no such effect was noted 
after similar administration of various other steroids or of a cortical extract." 
Indeed “the continued administration of an adrenal cortical extract for one 
month to four subjects with uncomplicated hypertensive vascular disease on 
4 constant regimen, was associated with a decrease in ‘resting’ blood-pressure 
in three instances, only in one case was there a small rise’’.2®8 Similarly the 
tise in blood-pressure occasioned by DCA in patients with mild hypertensive 
disease is prevented by cortical extract. This apparently beneficial effect 
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of the extract may well be due to its high gluco-corticoid content; gj 

corticoids depress the mineralo-corticoid production of the adrenal] enrivel Uco- 
Some 


respects, even antagonize their peripheral actions upon the vascular ¢ 
Cortisone likewise depresses the blood-pressure in hypertensive patient aan 
The various vascular territories are not equally sensitiv: ta baal 
producing action of DCA. Experiments on the rat revealed that the mae 
sized and small arteries and arterioles of the heart, pancreas, kidney, mesa 


and brain are the most sensitive, approximately in the order mentioned Oth 

arterial vessels, and especially the veins, are much more resistant,301 c Fi, 
laries are almost never selectively affected, except in the renal glomerulj me 
the blood-pressure is high. There appears to be a direct correlation betes 


the height of the blood-pressure and the hyalinosis in the various vascul 

eg : ar 
territories of DCA-treated rats. A similar relationship is obtained in animals 
with experimental renal hypertension as we shall see below. ~ Further 
pertinent data will be found in connection with our description of the lesions 
produced in the various individual organs (cf. below). 

At least under certain conditions, DCA increases capillary permeability. 
This may play a rdle in the production of edema by this compound. It will 
be recalled that in certain species, for instance, in the chick *’? and in man 3 
DCA treatment in itself can cause pronounced edema and fluid accumulation 
in the serous cavities of the body. In the rat, this effect is rarely pronounced, 
although after large doses, peritoneal fluid accumulations do occur.*°* However, 
even in the rat, pronounced subcutaneous water accumulations can be produced 
by DCA if some irritating substance is injected simultaneously (though not 
necessarily at the same place). Thus it was found that subcutaneous injection 
of formaldehyde causes excessive accumulations of edema in rats given toxic 
doses of DCA.9% 

On the other hand, the increase in capillary permeability produced by peptone 
injections in the rabbit skin is allegedly counteracted by cortical extracts.*”° 
Similarly, Ungar claims that his “splenin-A", which increases capillary resist- 
ance is “discharged under the influence of the hypophysis and the suprarenal 
cortex and plays a réle in the general-adaptation-syndrome where it acts by 
accelerating the neutralization of the proteases, which are activated under the 
influence of various stresses. Thus it protects the capillary endothelium”.°” 

Our previously mentioned experiments concerning the effect of corticoids 
upon “formalin arthritis had shown that DCA aggravates, while cortisone 
inhibits the formation of local edema after the injection of formalin into the 
joint region. This suggested that the mineralo-corticoids and gluco-corticoids 
mutually antagonize each other's actions upon capillary permeability — of at 
least edema formation — under these conditions.2® It is rather difficult to 
reconcile these observations with other findings made on rabbits in which capil- 

lary permeability was studied after intravenous injection of trypan blue. Here 
it was found that intramuscular injection of either DCA or a cortical extract 
(the latter is mainly gluco-corticoid) inhibit the increase in capillary pes 


meability occasioned by carbon arc irradiation.2° The interpretation of these 
ee 
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experiments is all the more difficult since both cortical preparations were 
Jatter d jmmediately before, during or even after the irradiation and in our 
Be cce, corticoids do not markedly affect capillary permeability so rapidly. 
a assumed by several investigators that corticoids exert an important effect 
It intercellular cement¢ substances and that it is due to this action that they 
upor ce capillary perm -ability. However, a detailed review *! discloses so 
influ sntradictions in the pertinent literature that a uniform interpretation is 
wot yet possible: —_ a ee 
As judged by in vivo observations on the rat mesoappendix, corticoids (like 
h pertensin ) stimulate the motility of the terminal arterioles 311 The contract- 
4 of the mesenteric arteries and veins is greatly increased in rats chronically 
ility eated with DCA.*"* It remains to be shown whether there is a relation- 
Php between these actions and the hypertensive effect of the mineralo-corticoids. 


Many investigators doubted that the experimental lesions produced by 
DCA could be related to spontaneous diseases, because only traces of 
desoxycorticosterone occur in the normal adrenal.3!3 Some workers suspect 
that even the small amounts that have allegedly been prepared from the gland 
may be artefacts, due to a reduction of the C,,-OH group caused by post- 
mortal autolysis or the chemical procedure used for extraction, We have 

ntioned that other steroids such as acetoxypregnenolone and 
progesterone also cause hyalinosis at least in the highly sensitive chick.?™* 
However, the hypertensive and hyalinosis-producing action of these steroids 
is very slight and there is little evidence of their increased production by the 
adrenal during stress. It is therefore of special importance that desoxocortisone 
likewise produces hypertension, cardiovascular hyalinosis and nephrosclerosis 
in the rat. Large quantities of this steroid undoubtedly occur in the normal 
adrenal cortex, hence there is no reason to doubt that similar hyalin changes 
may arise during stress, as “diseases of adaptation”, if excesses of natural 
mineralo-corticoids are produced.*"* In the few experiments in which desoxo- 
cortisone failed to cause hypertension and hyalinosis, insufficient doses were 
given.316 

Considerable attention has been given to the persistence of hypertensive 
changes following withdrawal of mineralo-corticoid treatment. In dogs 
rendered hypertensive by DCA, the blood-pressure may remain high for weeks 
after discontinuation of this treatment.*!? Similar experiments in the rat also 
revealed that after a certain time DCA-induced hypertension becomes self- 
Sustaining’’.*18 However, it appears to depend largely upon the intensity and 
duration of the DCA treatment whether the resulting hywertension becomes 
Permanent. After short pretreatment periods — just sufficient to raise i Ln 
Pressure significantly — the hypertension vanishes sooner Be later after dis- 
continuation of steroid administration in the dog *™ and 
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become available. It is already evident, however, that even 


1 typical 
corticoids such as cortisone can cause hypertension in suitably vena 
: sensit; 
(unilateral nephrectomy and excess sodium) rats. Even itized 


; some myo, ' 
nodules and renal changes (especially marked glomerula hyperegg ai 
and 


occasional cast formation) have been noted in these experiments, 


the slight mineralo-corticoid potency present in all gluco-co ticolds gaa 
to produce such effects after adequate “conditioning”. Conversely — espéet a 
in rats not particularly sensitized to the mineralo-corticoid effect — onan ly 
actually inhibits many of the toxic cardiovascular actions of DC He 
instance it can depress the hypertensive action, as well as the production i 
periarteritis nodosa in most organs. Curiously, these arteritic < hanges are a 
readily depressed by cortisone within the coronary circulation and the renal 
damage caused by DCA may even be aggravated by cortisone. The antagonism 


between mineralo- and gluco-corticoids thus appears to play an important réle 
in the pathogenesis of the diseases of adaptation.*** It is in agreement with this 
view that cortical extracts also counteract the production of periarteritic and 
myocarditic lesions by DCA in the rat.9°™* 

Numerous experiments are now in progress at our Institute to elucidate the 
mechanism of this hormone interplay but unfortunately, these have not yet 
progressed far enough to permit a more detailed discussion of this rather crucial 
point. 

In man, cortisone does not affect the normal blood-pressure consistently. 
In rare instances, it has been claimed to precipitate cardiac failure, if given in 
very large doses, to highly sensitive patients.*?!” 

Kidney. — The kidney undoubtedly exerts a very important influence upon 
the cardiovascular system in general and the blood-pressure in particular. Yet 
bilateral nephrectomy does not cause any immediate drastic changes in blood- 
pressure or in the morphologic appearance of the cardiovascular system. There- 
fore some investigators doubt that the renal pressor mechanism participates in 
the homeostasis of blood-pressure under normal conditions, although certain 
kidney lesions undoubtedly do cause cardiovascular changes. 

We should like to emphasize at the outset of this discussion that such a view 
is not justified. The maintenance of the blood-pressure, like that of so many 
other vitally important functions, is assured by several alternative regulating 
mechanisms; destruction of one among these does not necessarily result in any 
immediately manifest change. Many well established observations force us to 
assume that the kidney plays a very prominent réle both in the maintenance 
of the blood-pressure during the G-A-S and in the pathogenesis of the cardio- 
vascular ‘‘diseases of adaptation”. Because of the great complexity of this field 
and the enormity of the pertinent literature, we must limit ourselves here to 
a few especially pertinent observations. Some additional data concerning 

individual, more or less well defined, renal-pressor-substances (R.P.S.) an 
their antagonists will be found elsewhere in this book (cf. p. 228, Metab- 
olism), but the reader especially interested in renal hypertension is advise 
to consult monographs specifically concerned with this subject. Several such 
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ys have recently been compiled in different languages by prominent 
s ; 32 ) 
bo® alists in this ped. 
spec yarious techniques used for the production of experimental renal hyper- 
es roduce essentially similar functional and morphologic alterations in 
tensio" jiovascular system: they are all based on an interference with the renal 
the ¢ 
plood supply- 4 P ' 
hatever procedure is us -d to impede renal circulation, the technique must 
lied to both kidneys or, if the operation is performed on one side only, 
be Ber healthy) kidney must be removed in order to assure the consistent 
a ction of permanent hypertension. This is apparently true of all common 
By incicy animals except the rat and rabbit *** in which unilateral operations 
ee ikis types suffice. Perhaps in these species the normal kidney tissue is 
eierly ineffective in destroying R.P.S. 
si : . 
Only the salient features of the most commonly employed techniques will be 


sketched below. ', 

Chronologically the first, and certainly one of the most useful, procedures 

rmitting the consistent production of severe renal hypertension was that 
devised by Goldblatt et al.*** It is based on the partial compression of the 
renal artery by means of a metal clamp. Instead of the Goldblatt-clamp’, 
aylon or silk threads, wire loops, etc., may be used, as long as the filament 
js not too irritating (which would cause inflammatory granuloma formation) or 
too thin (which might cause it to cut into the vessel wall or elicit the formation 


of a dissecting aneurysm). 
Another useful technique consists in wrapping the kidney in permeable 
cellophane, silk or other material which provoke a diffuse chronic peri- 
nephritis.2, This results in the formation of a fibrous tissue shell around ia 
kidney, leaving the hilum intact. The perinephritis acts by compressing the 
kidney and thus interferes with renal circulation essentially in the same ae 
as the Goldblatt clamp does. Recently some investigators recommended t e 
perirenal application of elastic rubber or plastic capsules which also act _ a 
similar manner.22* These techniques are claimed to give more predictable 
results than the Goldblatt clamp, but we feel that results largely depend Neat the 
personal experience of the operator. The danger of the perinephritis proce ris 
is that they sometimes tend to result in suppuration with more or less complete 
destruction of the kidney. — 
Rather consistent hypertension and associated morphologic ome . . 
cardiovascular system have also been obtained (especially in ce ry a S 
a “figure of eight ligature” to the kidney. Such a ligature descri es en on 
which leave the hilum intact and cross each other on the opposite (con e 
Surface of the kidney. Experiments with this technique led to the concl clusion 
~. that neither damage of renal tissue nor is 
changes are primary prerequisites for th 
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it is the reduction of the total number of functioning nephrons whicthials 

the disorder.”**? In our opinion, it is equally compatible with the cages 
facts to assume that the ligature compressed the kidney and thus tad Served 
hemodynamic change very similar to that obtained with the Golda Pres a 
the perinephritis procedures, or the “endocrine kidney technique" (¢f ar. f 
In this sense the rise in blood-pressure would not be due to the “Pe d40)}s 


functional nephrons, but to an increase in their endocrine 
expense of their excretory activity with which the compressin, 
feres. 

Partial nephrectomy is not a very effective procedure to 
hypertension in any species. In the rat, unilateral nephrectom 
an at least temporary (very rarely persistent) hypertension, 
sive nephrectomies (up to 5/6th of the total kidney mass) consistently rais 

; i ke ‘ ae e 
the blood-pressure and induce hyalinosis in this species.**S However, in all 
other laboratory animals so far examined (e.g., dog, cat, monkey), removal 
of any amount of renal tissue, compatible with the maintenance of life, results 
in little or no permanent pressor effect.??° 

Complete bilateral nephrectomy causes death from uremia within two to five 
days in most species of laboratory animals. It is usually followed by hypotension 
due to shock or by no change in blood-pressure. If great care is taken to 
prevent surgical shock, hypotension can be avoided. This shows that the kid- 
ney is not indispensable for the maintenance of the resting blood-pressure level. 
Occasionally, there is even a transient rise in the blood-pressure of nephrec- 
tomized animals, but this has been ascribed to a nervous reflex mechanism or 
to a rise in blood-volume.**° 

If completely nephrectomized animals (e.g., rat, dog) are maintained in good 
condition by an “artificial kidney” or ‘‘peritoneal lavage” procedure, moderate 
rises in blood-pressure have also repeatedly been observed; here again the 
results were inconsistent.®*! Yet in some dogs, in which survival was much 
prolonged by the use of an “‘artificial kidney’’, allegedly the rise in blood-pres- 
sure was even accompanied by morphologic lesions characteristic of malignant 
hypertension.*** Such observations tend to support the view (cf. p. 238, 

Metabolism), that pressor substances similar to those produced by the kidney 
can also be elaborated, to some extent at least, by other tissues. Furthermore 
the kidney is probably capable of detoxifying both renal and extra-renal pressor 
compounds (cf. also “hind-quarter transplantation” experiments, p. 539). Even 
if extra-renal tissues produced only minimal amounts of such pressor principles. 
their effect would become manifest in the nephrectomized animal because of 
the complete elimination of this renal detoxification. It is of the greatest 
importance, however, in all pertinent experiments to follow the blood-volume 
variations. After complete nephrectomy the rise in the circulating fluid volume 
may be of sufficient magnitude to cause a purely mechanically induced hyper- 
tension.*** Adrenalectomy or Na-deprivation prevents this hypertension.” 
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Jantation of a k idney upon a donor animal by vascular anastomosis, 
TransP used especially in acute experiments on the pathogenesis of renal 
has bee? ion.3%* Here partial constriction of the transplanted kidney’s artery 
pyperten” arked hypertension in the recipient animal, but only if the kidneys 
Jeads jatter have been fj reviously removed. This further supports the view 
of the ormal kidney ca: letoxify R.P.S.335 
that the .. use of this technique, it has also been shown that the excess 
with ¢ a R.P.S. by a clamped kidney is only a transitory phenomenon. 
production experiment on a dog, hypertension was produced by constriction of 
Jn one SUC teries. At the end of three years the blood-pressure still remained 
the Be but transplantation of this dog’s kidney to another, completely 
. ized dog produced no elevation of blood-pressure in the latter. It 
pephre cid d that at the end of three years the clamped kidney no longer 
ae excess of R.P.S. Yet further constriction of the transplant’s 
Be considerably raised the blood-pressure of the recipient, thus 
BF astroting that even after three years, the clamped kidney did not lose its 


produce pressor substances.3*° Hypersensitivity to normal amounts 
‘1, or the initiation of a secondary “neurogenic” hypertension, have been 

Sa d to be responsible for the persistent hypertension of the donor dog. 
ee tiine has thus been proven no longer to produce an excess of renin. 
ae oo of the kidney’s pressor-substance detoxifying power may 
Gs in the maintenance of a high blood-pressure despite normal R.P.S. 
 iction in such experiments. This same defect could also explain why 
Ee ovel of a clamped kidney in the chronic hypertensive rat often fails to cure 
a hypertension of long standing even if the structure of the ee wend 
is not grossly abnormal. Perhaps DCA also acts partly by sea a : 
with the renal detoxification of pressor substances,®** as outlined abo mS 

Transplantation by vascular anastomosis of the erage once 
neither kidneys nor adrenals) of one dog unto the neck-vesse ; to) vr ited 
led to very interesting results concerning the pathogenesis _ a hel 
sion, Constriction of the arteries of such a hind-quarter pro ae a eee 
in the recipient dog. The kidneys of the recipient can detoxi y coer ane 
pressor substance (just as they inactivate bak pee ne cies 
recipients proved much more sensitive than intact ogs. ee 
important that functional excitation (pretreatment with Log saesmal rpms 
of the motor nerves) of such hind-quarters increased t i es ie 
substances, as judged by the hypertension induced in a nephr ene 
Such functional excitation of the transplanted eons = = aa ve 
ularly pronounced pressor responses if the arteries © t a Rng coo 
Partially constricted, but even without such conga neave 
the musculature in the transplant sufficed to raise biege 
Tecipient. It was concluded that in thyro ine-P 
Curing intense contractions, a com 
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These observations are of the greatest importance in ¢}, 
vascular responses during the G-A-S, They suggest that no, 
can liberate pressor substances from extra-renal tissue: hia 
stance in question is renin (and leads to the formation of }; rtengin) : Sub. 
the fact is clear that — like hypertensin — it is inactivated jy \},, sale ‘ not, 
ney. The occasional rise in blood-pressure noted in complet , phrectoy Kid. 
animals (cf, p, 538) may well be caused by this same princi, Ous tae 
ations along these lines have not yet led to definite conc! buh ieee 
of the great theoretic importance of this point, it should by , 
DCA could perhaps also augment the formation (or imped 
of such extra-renal pressor substances, 

Recently we have developed a technique which permits +| 
formation of the kidney into a structure exhibiting the struct 


'erpretation of 


pecific Stressors 


ether 


in View 
in mind that 
‘toxification ) 


complete trang. 


l ¢ haracteristicg 
of a typical endocrine organ, This preparation has been referred to ag the 
“endocrine kidney”, Our technique is based upon the fact that in order to 


permit filtration, the hydrostatic pressure in the glomerular capillaries of the 
kidney must be much higher than in other capillary territories. Indeed, it is 
indispensable for urine formation that the hydrostatic pressure in the glomerular 
tufts be greater than the colloid-osmotic pressure of the blood. To stop 
filtration we reduce the hydrostatic pressure in the glomeruli to the level of the 
colloid-osmotic pressure of the blood. By placing the style of a hypodermic 
needle parallel with the aorta and tying a nylon thread around both aorta and 
style, an accurately gauged degree of partial constriction can be obtained, which 
decreases the lumen of the aorta approximately to the width of the style. The 
latter is subsequently removed and hence circulation re-establishes itself, but 
if the constriction is placed between the origins of the two renal arteries, it 
decreases the pressure in the left (lower) renal artery. By choosing styles 
commensurate with the size of the rat, it is possible to decrease the pressure 
exactly to the level at which urine formation ceases, while the nutrition of the 
renal parenchyme does not suffer. 

The precise gauging of the degree of constriction is difficult, but a greater 
safety margin can be introduced by simultaneously occluding the left ureter 
by transection between two ligatures. Thus, if the aorta constriction is not 
quite sufficient, a slight hydronephrosis develops which nullifies the effects of 
any remaining filtration pressure. 

The adequacy of the operation is readily determined, at autopsy, by naked- 
eye inspection; if the vascular constriction is too great, the left kidney becomes 
partially (or even completely) necrotic, while if it is insufficient, an excessive 
hydronephrosis is formed. 

A few days after this operation, the entire renal parenchyme transforms 
itself, The glomeruli tend to disappear completely or are transformed into 
inconspicuous, poorly vascularized scars. The tubular lumina disappear and 
the nephrons undergo severe involution. The proximal convoluted tubules lose 
their brush-border and their eosinophilia. Yet the so-called “spiral segments 
~ that is, the distal portions of the proximal convoluted tubules — exhibit 
intense proliferative changes. Its cells become enlarged and numerous mitotic 
figures indicate that in addition to hypertrophy, there is also actual hyperplasia 
in these segments. The lining cells grow into what was the luminar space, i 
the form of papillomatous excrescences. These pi 
the complete transformation of the tubule into sc 
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Dimes: The juxtaglomerular apparatus tends to disappear together 

epith | other element the renal corpuscles. Only occasionally (especially 
with the « in which some it farction has occurred because the ligature on the 
1 "il 190 tight) have noted any proliferative changes in the epithelioid | 
‘ig 


gorta ” juxtaglom 1 apparatus, There was no manifest relationship 


cells he developm: this apparatus and the resulting hypertension or 

tween ¢ while there fairly close parallelism between the proliferative 

alinosis, the spiral nt and the above-mentioned hypertensive lesions. 

changes in eg conclt that probably the cells of the spiral segment are 

rom this ! , se RP tlowever, as we have said above, a diminished 

the aot ie kidney ' toxify R.P.S. may also play a réle in this as in all 
ac 


enal hypertension and perhaps even in the hyper- 


f experime) 
LAP, mineralo-corticoids or non-specific stres- 


ges produc: 


other types © 
tensive chan 
0 


sors: 


— A. A loop of small intestine in a 
ric vessels. — B. Pronounced 
c characteristics of periarteritis 


Periarteritis nodosa caused by the “Endocrine kidney.” 
hn control rat showing the ajo pres 3 ae eat 
ickening of all teric vessels, which showe: ie , r 

t i iis by Ge sartsliyaconateiceing ligature had been placed, 38 days previously, on 


2 ine trans- 
the aorta between the origins of the two renal arteries. It panes eoaigiets pessoa rae 
formation of the left kidney, accompanied by marked hyperte 


The above-mentioned proliferative changes had already a 
cells of the spiral segment were not suffering from any severe “on renotrophic 
his was further illustrated by the observation that treat a at ee 
Steroids (e.g., testosterone) or anterior-pituitary extent contin’ as 
the morphologic development of these segments . ; 
emodynamics,*#° This may perhaps be 
®PPears to be maximally opened almost 
°peration; the r e be 


ae 
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response; on a section the intense redness of the medulla and the 


cortex clearly indicate that the blood supply is shunted from the Pallor of the 


former. This re-arrangement of the renal circulation may assure a to the 
blood supply to the juxtamedullary region which (at least in the a adequate 
these experiments have been performed) contains almost all the spit bi Which 
Microdissection of the individual nephrons in the “endocrine kidney 

2 a 


Oliver *#! to the following conclusions: ‘In the kidney below the 
is a marked atrophy of the proximal convolutions with relatively lesser h 

in other portions of the nephron. The total volume of the average : anges 
convolutions was found to be 30% of normal. This atrophy does nea ponte 
affect all portions of the proximal convolutions equally. The perigl ae 
portion, which lies in the cortex, was reduced to one-tenth of os 
volume whereas the terminal portion of the proximal convolution whic ie 
in the medulla (juxta-cortical zone), still maintained 80% of its norntal fei ie 
The bizarre hyperplasia described by Doctor Selye was limited to aa Bi. 
atrophied medullary portion. ae: 

In the normal nephron, the periglomerular (cortical) portion of the proximal 
convolution represents two-thirds of its total volume, while the terminal pont , 
represents one-third. This ratio is almost exactly reversed in the ee 
kidney. The change would seem to be related to the change in blood: fea 
through the kidney, since a reduction in flow would be greatest in the tenant 
small cortical vessels at the-periphery of the vascular tree and would be best 
maintained by means of the juxtamedullary glomeruli and their efferents 
(Daniel-Trueta) which supply the medullary terminal one-third of the proximal 
convolutions’’.## 

It is surprizing that, although so many investigators used various types 
of renal blood-vessel clamps, this ‘‘endocrine transformation of nephrons” had 
never been recognized. Goldblatt *#* had regarded similar changes in his 
renal hypertensive dogs “‘as merely an indication of tubular degeneration and 
atrophy (followed by repair) that occurred as a result of the deprivation of 
the organ of blood.” Such an interpretation is understandable if it is kept in 
mind that only the “endocrine kidney” technique permits the massive trans- 
formation of the whole renal parenchyme into a structure resembling an 
endocrine gland. In patients with malignant hypertension, as well as in animals 
bearing the Goldblatt clamp, the filtration pressure is never completely abol- 
ished in all glomeruli; only occasional renal corpuscles fail to secrete and 
hence only their nephrons undergo this transformation. However, after the 
possibility of this metamorphosis was clearly demonstrated by the ‘endocrine 
kidney experiments, it became possible to recognize the existence of individual 
endocrine nephrons” within the renal parenchyme of experimental animals 
and man suffering from renal hypertension. Re-examination of the clamped 
kidneys of dogs with chronic renal hypertension did in fact lead to the con 
clusion that: “In some of these small kidneys there is little or no interstitial 
fibrosis, and the reduced size of the organ is due mainly to disappearance 
of glomeruli and of cortical tubules as well as shrinkage of tubules which havé 
no distinct lumen and which are lined by greatly altered epithelium in whic 
i of regeneration (mitoses and hyperchromatic nuclei) are common He 

ining epithelial cells. This is the so-called en ne kidney which Selye 
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: left kidney of rats b icti 
uced in the J S by constriction of t¢ 
has a of both main renal arteries’ ’.344 ue aonta between 
ri : Le. 
The endocrine kidney procedure has proved to be useful in the study of 


a problems concerned with renal hypertension, for instance, to show that 


ait A ineffective in reducing the blood-pressure in rats in which a standard 
a of hypertension is produced by this procedure.45 However, the main 
a of the technique lies in the fact that it permits the complete transforma- 
Heat one kidney into an endocrine organ and thus yields a tissue in which 
e foctine and excretory activities are not co-existent. 

om this sense, it is of especial interest that “in endocrine kidneys there is a 
Beate, indeed almost complete, disappearance of both arginase and alkaline 


phosphatase. On the pthey hand, the acid phosphatase decreases in total 
jmount but not in concentration . Presumably the acid phosphatase is nec- 
essary for the integrity of the cell and perhaps its endocrine function, while 
the alkaline phosphatase and arginase are necessary only in connection with 
urine formation.**° 
It will be recalled, furthermore, that the malignant phase of experimental 
renal hypertension (during which it leads to hyalin arterial necrosis and a 
rapidly fatal progress of the disease) was attributed to the superimposition on 
hypertension of renal excretory insufficiency.*47 This theory appeared to be 
well founded. With most methods used for the production of renal hyper- 
tension the malignant phase does develop only when the lesion is severe 
enough to cause some degree of uremia. With the “endocrine kidney” tech- 
nique, however, all nephrons of one kidney are suddenly transformed into 
endocrine units and the resulting hypertension is immediately malignant. It 
causes marked vascular hyalinosis and even death, within one to three weeks, 
much’ before there is any manifest uremia. Excretory insufficiency does not 
appear to play a rdle here, since the contralateral kidney suffices to prevent 
uremia. Perhaps the sudden and intense overproduction of R.P.S. by the endo- 
ctine kidney rapidly exhausts the power of the contralateral kidney to detox- 
ify such pressor-substances, and thus, causes malignant hypertension.*#* 
Using this technique, it has also been possible to show that marked hypo- 
chloremic alkalosis ensues almost immediately after the endocrine transforma- 
tion of one kidney, while the blood-potassium level remains essentially normal.** 
This suggests that metabolic changes conducive to hypochloremic alkalosis can 
occasioned by the endocrine products of the kidney. This metabolic derange- 
ment may play a part in the pathogenesis of malignant renal hypertension, 
while the hypokalemia (so characteristic of the hypertension produced by 
A) is obviously not involved here. 
inehteatment with “nephrotoxic sera’ results in glom ri /Senetal- 
ee vascular hyalinosis and hype 
repared by th 
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tagged by radioactive tracers it has been noted that nephrotoxic sera h 
selective affinity for renal glomeruli.* ave a 

The question has repeatedly been raised whether such a nephrotoxic neph. 

could play a réle in the pathogenesis of clinical hypertensio The postiis 
has been envisaged that allergy to endogenous renin or hypertensin Bu: ility 
hyalinosis through some similar mechanism of sensitization.*2 fy aoe 
remembered that increased formation of renin and hypertensi: leateml Pi 
by actual bioassay of the blood, only during the first stay expen le, 
hypertension; yet the blood-pressure often continues to remain high, The 


facts led to a somewhat similar conclusion, namely that h 


R.P.S. had been created (cf. above). 


It has been claimed, furthermore, that incubation of streptococci with Kane 
tissue leads to the formation of particularly nephrotoxic substances.%53 [¢ at 
observation were confirmed, it might explain the specific tendency of certain 
microérganisms such as the streptococcus, to cause nephritis and rheumatic 
changes characterized by hyalinosis. 


rsensitivity to 


Various nephrotoxic drugs, bacterial toxins (e.g., uranium salts,, oxalates, 
derivatives of mercury, bismuth, lead, diphtheria toxin, streptococcus toxin) 
and especially the injection of irritating substances (e.g., trypsin) into the 
renal artery itself, tend to cause nephritis, nephrosclerosis and occasionally 
hypertension, but the results are extremely irregular; *°* hence such techniques 
have not been routinely used on a large scale. 


Various other traumatic interventions on the kidney such as injection of 
sclerosis-producing irritants into the renal parenchyme,*** complete ligature 
of the renal artery or of its branches, partial or complete ligature of the renal 
vein, the production of arteriovenous anastomoses, complete or partial ligature 
of the ureter, the artificial production of renal embolisms, have all been used 
to produce experimental hypertension in animals.*** Some of these investigations 
yielded interesting results concerning specific problems in the pathogenesis of 
renal hypertension, but the pressor responses obtained are too irregular for 
routine use. 


The cardiovascular changes produced by the various techniques used for 
the production of renal hypertension are remarkably similar. They simulate 
the “hyalinosis syndrome” which we have previously described as also being 
characteristic of chronic exposure to stress, or treatment with LAP, DCA or 
desoxocortisone. This is clearly demonstrated by numerous histologic studies 
on dogs with a Goldblatt clamp *°7 and on rats,*°* with a “figure of eight 
ligature’”’,°°® perinephritis °° or an “endocrine kidney’’.*** 

From a histogenetic point of view apparently the basic change in all these 
cases is an increased membrane permeability — a Wdysoria, *°° — which allows 
plasma to penetrate into the vessel-walls and the surrounding tissues. There it 
leads to the formation of the abnormal proteinaceous material known as 

ee 
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_» which in turn stimulates granuloma formation. Hyalinosis does not 
apy ‘he clamped kidney, or anywhere else distal from a partially constrict- 
pi (e.g., in mesenteric arteries); this is true even in animals exhib- 


ligature hyalinosis in other ts of thei 
ind st intense hya ner parts of their vascular tree. Presumably 
iting : plood-pressure is indispensible for the hyalin infiltration. Since, on the 
a hig Baud, hypertension (e.g., neurogenic) in itself does not suffice to pro- 
phe alinosis, it was concluded that both high blood-pressure and a humoral 
duce e involved in its pathogenesis. The humoral substance is mainly, but 
factor A not exclusively, © renal origin.3# 

al of the clamped kidney does not abolish a well established hyper- 
sension if it is performed late (e.g., one or more months after the establishment 


f high blood-pressure level). Conversely, early removal of such a kidney 
during the first few w eeks after the operation) usually elicits at least 
‘ mporary normalization of the blood-pressure, if the contralateral kidney is 
ae ood condition.*** As we have stated before, the increase in the renin 
e ime ot the blood is also demonstrable only during the initial phases of 
A hypertension. Hence it was thought that removal of the clamped kidney 
helps only during that phase of the hypertensive disease during which the 
increased production of R.P.S. is the principal cause of the derangement, while 
later the hypertension may become neurogenic.*** Yet, as we shall see below, 
i a response of the blood-pressure to autonomic drugs (e.g., TEA, benadryl) 
filed to demonstrate a late neurogenic phase in renal-hypertensive animals. 
Furthermore, extensive experiments on rats with perinephritis showed that 
even early removal of the directly damaged kidney rarely, if ever, brings about 
atrue permanent cure. In most animals, after an initial blood-pressure drop, 
the blood-pressure gradually rises again and eventually (sometimes only after 
many months) fatal hypertensive disease ensues. This was found to be true 
even if the damaged kidney was removed before any visible change had time 
to develop on the other side.*** 1a 
Such observations are difficult to explain; perhaps, under these conditions, 
__ the ability of the contralateral kidney to inactive RPS. is permanently impaired. 
After removal of the perinephritic kidney, the remaining detoxifying power 
of the contralateral kidney may temporarily suffice to cope Noe Aged 
diminished) circulating R.P.S. Yet this inactivation may be per oe Bi 
damaged kidney under considerable stress and hence lead to the age . 
exhaustion of the residual detoxifying power. This process is ce 
the so-called ‘“‘Sandmeyer type’ of diabetes, induced by partial ee : 
Here the remaining glandular (pancreatic) tissue eee y re aad 
compensating for the lack of insulin and the blood-sugar joe rema aon 
for weeks or even months, but eventually the Langerhans islets are ex 
and fatal diabetes ensues. 

In agreement with this interpretation, it has 
ey is constricted with a clamp and the contre 
‘moval of the la 

emova! ate 


renal 
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residual hypertension which persists in rats with a second kid 
the contralateral clamped kidney is removed, is due to rei 1 ney, even afte 
largely, if not entirely, by the hypertension itself.°° [¢ a one caused 
that the arterial clamp protects the kidney against the ‘i Be remembereq 
increased blood-pressure. direct effects of an 
Certain kidney extracts are highly effective in diminish; 
pressure level in animals with renal hypertension.*°S This alec the blood. 
the kidney exerts important antihypertensive actions. Renin. e’o Suggests that 
extracts proved particularly efficient in depressing the Bikod. Se ae Kidney 
ically hypertensive animals; hence it was thought that . tessure of chron. 
stances may be involved.*°° These extracts also protect Sir — sub- 
necrotic lesions which normally accompany renal Bexten si a “ Pb 
in the dog. Some recent observations intimate that thes 5 a ‘= Bais: 
(hyalinosis) changes are due to a separate “renal a 
which is not renin.**® Indeed, on precipitation with Eretone ei pee 
sible to separate a non-dialyzable fraction of acid ee ctroce, : — re 
devoid of either vasopressor or depressor activity. It proved oi “ wes 
like material containing phosphorus. “When injected into ne ae ae 
dogs, it was found to be associated with widespread metericlar sien ae 
ee damage caused by carbon tetrachloride, prevents the eesti 
° renal hypertension, although it does not impede the rise in blood ae 
on destruction of the depressor nerves in the rabbit. This was ee 
Md be Be ciency in hypertensinogen, which is normally elaborated in the 
Pane ani empere 4 (95%) increases the hypertension caused by exper- 
; perinephritis in the rat.**"° This may have some bearing upon the well 
known predisposition of diabetics to develop hypertension. 
ae omen er the possible participation of the kidney in the vascular 
oe ons of the G-A-S, it is interesting that, for instance in cats, the 
ca tnga arteriolar constriction following traumatic injury (tourni- 
quet) to od ape even in the complete absence of kidney tissue.*7 Of 
rite “s rong! shows that the kidney is dispensable for such a response, 
. a Pigariges fail to participate in it under ordinary 
circumstances. riers ps. cher absence of the kidney, alternate homeostatic 
reas : pensate for the loss. 
Ps experiments on Rosse blood consistently showed pressor activity 
Bn pba eager ot gan fark € responses were renin-like, persisting 10 to 
pita others 7 on alent magnitude approached the duration of reac- 
Cars - The “ origin of these pressor substances was demon- 
pa yderes Spare in adrenalectomized-nephrectomized dogs submitted to 
orrhage. In the same study it was also shown that nephrect- 


omy impairs the ability of the dog to maintain i 
pea D aintain its blood-pressure after hemor’ 
rhage? Nephrectomized rats likewise exhibit more severe hypotension, 4? 
us 15/98. 279 Burns et al. B32715/49. 
Sh eee ee eae am De Sute-Nagy and Waters B32945/49- 
Kiely et al. BA7154/50. wr coca aaa 
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- after removal of smaller amounts of blood, than sham-nephrectomized 
die ‘att However, pertinent data are somewhat contradictory since in other 


conte ments n dogs, bilateral nephrectomy — even if accompanied by hepa- 
expe _ allegedly failed to influence the hypotensive action of hemorrhage.*”* 
en bly, the relative participation of the kidney in blood-pressure home 
coe depends largely upon experimental conditions. 

Experiments on nephre« tomized rats showed that their resistance to burns 
x gubnormal, but this was ascribed principally to excretory insufficiency since 
Fer ligation caused a similar diminution in resistance.37* Yet ureter-ligation 
m with the consequent kidney compression by hydronephrosis — might have 
interfered also with the incretory activity of the kidney. 


f an abscess (tissue implantation or intramuscular injection 


juction 0 
ericcl:) leads to a fall in the blood-pressure of renal hypertensive dogs. 
There is also an increase in the renal blood-flow, but this is not always syn- 
chronous with the fall in blood-pressure; hence it was concluded that, under 


such conditions, the latter is not necessarily a consequence of the former.*** 
Allegedly. here again, the antihypertensive effect of tissue injury is mediated 
through the A-R mechanism.*** 

Various intercurrent systemic diseases tend to reduce the blood-pressure 
in renal-hypertensive animals. In dogs distemper is notoriously effective in 
this respect.>”° Perhaps this — as well as the beneficial action of various 
non-specific organ extracts, bacterial toxins and drugs °° — are merely the 
result of the systemic stress which these agents cause. (For theory of such 
non-specific therapeusis, cf. p. 106.) 

In summary, it may be said that avail 
the participation of the renal-pressor-mechanism in the vascular responses to 
non-specific systemic stress. There is no doubt, however, that an A-R dim- 
inishes the blood-pressure in experimental renal hypertension. 

In renal hypertensive dogs, neither folliculoid nor testoid hormones exerted 
any significant effect upon the blood-pressure.**” Similarly, in rats bearing an 
“endocrine kidney”, even large doses of testosterone failed to influence the 
blood-pressure or the morphologic manifestations of hyalinosis, although a 
definite renotrophic effect was manifest, both in the intact and in the non- 
secretory kidney.** 

Data concerning the influence of pregnancy u 
hypertension are somewhat contradictory. However, 
that, at least just prior to delivery, the blood-pressure ten 
delivery it returns to the previous high level.3®? 

Parabiosis experiments yielded interesting information concerning the 
Pathogenesis of renal hypertension. If three of the four kidneys in a pair of 
Parabiotic rats are removed, hypertension develops, a only in the 


able data neither prove nor exclude 


pon the development of renal 
most investigators agree 
ds to fall, while after 


LO 


nilaterally 


Pec omized twin.28* If only the two kidneys 
e blood-pressure rises in the nephrectomized ap 


* 
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This was subsequently confirmed, but since the results were not quit 

a bilaterally nephrectomized rat was joined in parabiosis with noon a 
(one on each side), whereby its general condition was improv ~ 7 
prolonged. Arterial hypertension was then consistently observed in th 

omized animals of such “triplets”, but only occasionally did a ni 
in pressure occur in one or both of the normal parabionts, ewan ne Tise 
probably “the normal kidney inactivates some extrarenal { ught that 


0) aaK actor ro : 
hypertension”.*** However, in the course of further studies “an Relies 
se in 


ONsistent 
ormal rats 
and SUrViva] 


blood-volume and in the volume of extra-cellular fluid was found in parabj 

nephrectomized animals. It is supposed that this may be an important rite: 

in the observed hypertension” in the nephrectomized animals of pare 
ic 


triplets.28° In experiments concerning the ‘antihypertensive action”’ of 

kidney tissue, this factor is often disregarded. Even in experimental fit” 
ments not involving parabiosis, it would be rewarding to examine to wit 
extent the antihypertensive action of normal renal tissue is dependent 2 
the ability of the kidney to regulate the blood-volume. nee 


Conversely, the parabiotic union of a normal rat with one in which hy 

; : : Isai2 
tension had been produced by unilateral perinephritis, led to the normalization 
of the blood-pressure in the former. Surgical separation of the two parabionts 
was followed by the rapid return of the hypertension in the perinephritic animal 
No change in the blood-pressure of a hypertensive rat is produced by parabiotié 
union with another hypertensive or with a nephrectomized rat. Unfortunately 
in these experiments no attempt was made to determine the relative réle played 
by the detoxification of R.P.S. and the regulation of blood-volume by the 
intact kidney tissue.9** 

Some investigators claimed that diets poor in sodium diminish the blood- 
pressure and prolong the survival time of rats,98 and dogs **? with various 
types of experimental renal-hypertension. It has also been stated that both 
in the rat 9 and in the dog * this type of hypertension runs paralled with 
the protein content of the food. The rice and fruit juice diet advocated by 
Kempner,*® which is deficient both in protein and in sodium, was claimed to 
be particularly effective in reducing the blood-pressure of rats suffering from 
renal hypertension.* Others, however, obtained inconclusive results with 
either protein or sodium deficient rations.*”* Subsequent observations suggested 
that while on high-protein diets sodium restriction has no effect upon renal- 
hypertension in the rat, protein deficiency is beneficial and sodium restriction 
“prolongs still further the lives of animals on low-protein diets”.””” 

Our studies in rats bearing an “endocrine kidney’’,*” as well as those of 
others in dogs with experimental perinephritis,”"" failed to show any relation- 
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- petwee? the dietary sodium or protein intake and the resulting hypertensive 
ship The “endocrine kidney” experiments were performed both on low- 
disease’ igh-protein diets, both with and without sodium restriction; under no 
and Be snces, was there any significant influence upon the course of the hyper- 
circu disease due to a variation in the dietary concentration of these food 
ensive 5398 In this respect, primarily renal hypertension differs sharply 
ane t produced by corticoids (inhibited by sodium deficiency), or LAP 
1 Ruited by protein deficiency). Perhaps the occasional positive findings of 
inh investigators may find their explanation in that they used experimental 
Bo ues causing less complete and less rapid “endocrine transformation” of 
Roce bly, the peripheral action of RPS. itself is uninfluenced 


‘dney. Presuma 
ie pee Apparently the beneficial effect of protein deficiency is merely due 


4 decreased ACTH production, while sodium deficiency acts by inhibiting 
e ffect of mineralo-corticoids upon the kidney, thus it impedes “endocrine 
ie. ation” of nephrons and the concomitant rise in R.P.S. Perhaps it also 
he normal inactivation of pressor-compounds and the compensatory 
regulation of the blood-volume by the kidney. In the case of the “endocrine 
kidney” procedure or any other type of intervention which causes very rapid 
and almost maximal “‘endocrine transformation” due to a direct peripheral 
action upon the kidney itself, such dietary measures would therefore be 
ineffective. 

Administration of excess potassium to rats rendered hypertensive by the 
silk-perinephritis method, occasioned no change in the blood-pressure level. 
In the publication describing these data, it is stated that they differ from our 
observations concerning the sensitization of the rat to DCA hypertension by 


“potassium ’.°°° It will be recalled, however, that we found sodium to exert 


such a sensitizing effect and we learn from a personal communication of the 


authors that their reference to potassium was merely due to a typographic error. 
Restriction of food consumption allegedly lowers the blood-pressure of rats 
with renal hypertension on any diet, but has least effect on Jow-protein, high- 
sodium rations.4° Even this measure exerts little, if any, influence upon the 
rapidly fatal course of the hypertensive disease in rats bearing an endocrine 
kidney 4 
Nevertheless, many observations suggest that, under certain circumstances, 
the diet can change the course of renal hypertension. For Lesion was 
shown that in dogs, a specified high-fat diet, causes no cardiovascu “3 sae 
in itself, However, if the kidneys are removed, or damaged in one 0 ae 
ways, after the dogs have been kept on this diet for two months or uae 
intense periarteritis nodosa or rheumatic arteritis-like lesions become evident. 
The development of these lesions 
vitamin-E, cholesterol or by merely omitting the excessive fat-supp 
four weeks or longer.”? “From these ex \ ud e 
grown that Au sti bance of - sf 
genesis of a 1] ' 


transform 
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primarily protective and only secondarily alterative’.*’* Damage to tj 
other than the kidney (prolonged chloroform anesthesia, abscess foresee 
on due 


to injection of turpentine, bacterial infections, etc.) does not elicit such 

tizing arteritis in dogs pretreated with the same high-fat diet. Indirect pee 
led to the suggestion that perhaps “the proximal convoluted tubules is ence 
a substance that is necessary for the proper utilization of certain lipid’ GR 
stances’.*”* sub- 

Apparently, it depends largely upon the conditions of the experi 

whether cholesterol has a pathogenic or curative effect in animals with ike, 
damage. In rabbits and dogs fed a high-cholesterol diet until marked inte 


cholesterolemia developed, subsequent acute renal damage (caused by uraniu; 
or nephrotoxic serum) produced marked aortic atheromatosis within a few aan 
or weeks; the same diet elicited only a very low incidence of such atheneaie 
in controls without renal damage.*” Yet, as we shall see below, at least in 
some species, prolonged overdosage with cholesterol in itself suffices to cause 
severe lesions in the cardiovascular system. 


During recent years, considerable attention has been given to the effects 
of autonomic drugs upon the vascular system in renal hypertension. It has 
been stated that during the early weeks of renal hypertension, nembutal, 
yohimbine or F883 exert no effect upon the high blood-pressure level, but 
animals which had been hypertensive for several months, usually show a 
lowering of their blood-pressure in response to these drugs. This, and many 
related observations have been cited in support of the view that in the later 
stages — unlike in early renal hypertension — the maintenance of a high 
blood-pressure level is effected through the nervous system, particularly the 
sympathetic." However, subsequent work does not appear to support this 
view. For instance, dibenamine produces a greater decline in the blood- 
pressure of renal hypertensive than of normotensive rats. This effect was 
ascribed to the adrenergic blocking action but since dibenamine is at least as 
effective in the acute as in the chronic renal hypertension, it was concluded 
that the observations “do not support the contention that a greater neurogenic 
factor is involved in late than in early renal hypertension”’.4°7 Extensive exper- 
iments on renal hypertensive dogs led to essentially similar conclusions: 
“neither early nor late after eliciting renal hypertension does the vascular 
reactivity to adrenaline, nicotine, histamine, barium chloride, angiotonine. 
renin or tetraethyl ammonium chloride change in a characteristic fashion, 5° 
as to suggest the dominance of either the nervous system oF a humoral mech- 
anism in the production or maintenance of hypertension’’.*°* 


In this connection it is also noteworthy that immediately following pee 
(reatment with TEA the pressor responses normally elicited in the dog °Y 
renin or hypertensin [as well as that caused by adrenaline (cf. 
enormously increased. The mechanism of this sensitization has not ye 


elucidated, but it has been compared to the sensitization to adrenaline in “er 


by denervation, although the latter takes much longer to become manifest. 


—— 
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data do not nermit us to outline clearly the extent to which the 


pail em participates in the pathogenesis of renal hypertension. 
gervow the blood-pressure of renal hypertensive rabbits is markedly dim- 
Althous ithing,*?” it can be raised again by the subsequent administration 
inished 41 Furthermore, ex! onsive sympathectomies failed to reduce the blood- 
of renin- to normal in various species of animals in which hypertension had 
pressure ced by interventions on the kidney. Of course isolated denervation 
been 1” “a ed kidney itself is likewise ineffective"? Hence R.P.S. does not 
f the cla a through the nervous system, although its effect upon the vessels 
ppee be the condition of the latter. There is also ample 


Joubtedly modified by 
evidence to suggest that ner 
through their effect upon ren 
Other hormones. — In addition to the humoral substances produced by 
h hypophysis-adrenal-kidney axis, several other hormones have been shown 
ie fluence the cardiovascular responses during the G-A-S. As a pertinent 
ae Je Jet us mention the important réle of the pancreas in clinical diabetes, 
van the incidence of hypertension and arteriosclerosis is notoriously high.“* 
(Cf. also Kimmelstiel- Wilson syndrome, below.) The participation of the 
pancreas in the production of hyalinosis has been brought out particularly ‘nar 
by experiments on partially pancreatectomized rats. These develop fae 
hyalinosis of the renal glomeruli and arterioles, similar to that seen in clinica 
diabetes, several months after markedly elevated blood-sugar levels have estab- 
lished themselves.*™* Contrary to anticipation, however, alloxan-diabetic rabbits 
are singularly resistant to the production of atherosclerosis by cholesterol 
feeding.1"° Here, the possible part played by the exocrine pancreas (fat pone 
tion, lipotropic factors) may deserve more attention than it has hitherto 


received. 


cous stimuli can increase the production of R.P.S. 
al circulation (cf. p. 553). 


In guinea-pigs, the tendency of a focal hemolytic streptococcus infection Ms 
cause non-purulent carditis is greatly increased by heavy idea wi 
insulin. Allegedly the “susceptibility of the cardiac damage during ena 
is probably associated with the altered metabolic activity incident to insulin 
treatment’’.4!® 

The thyroid undoubtedly also plays an important role in modifying eed 
vascular responses during the G-A-S. It is needless to review here the we ; 
known changes in pulse rate and pulse pressure which are characteristic . 
clinical hypo- and hyperthyroidism respectively- Available data do not pera 
us to appraise the possible relationship between the intercellular protein hg 
mulations characteristic of the “myxedema of the heart and those seen in “s 
hyalinosis syndrome.*"* Under some experimental conditions it is pppereey 
Possible to produce arteriosclerosis and myocarditic lesions in animals by rie 
oxine overdosage, but this is not regularly the case,*"* and we do not kno 
upon what conditioning factors it depends. 


A relationship with the 
that thyroxine a ss 
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with a hemolytic streptococcus.‘! It has already been mentioned in nes 
nections that the production of hyalinosis and myocarditis by stress LAp 
DCA are facilitated by thyroxine administration.**° ‘ and 
Thyroidectomy, or functional inactivation of the thyroid by thiougeas 
bradycardia and involution of the heart muscle.**!) Thiouracil faciliece em 
production of arterial lesions “similar in distribution and n €s the 


uct : mee Phologic ch 

acteristics to human arteriosclerosis” by cholesterol feeding in dogs, alth ae 
given separately, neither cholesterol nor thiouracil causes any signifieann ai 
dence of such changes under otherwise comparable circumstances 422 ] eee 
chick, thyroid feeding tends to inhibit cholesterol atherosclerosis,+228 ee 


In the fowl, folliculoids such as stilbestrol do not inhibit the Production 


of cholesterol atheromatosis but may modify the distribution of the lesion 
. . * og S$ 
in the vascular territories.*** 

Certain alcoholic urine extracts raise the blood-pressure after an initial 


decrease.*** This type of effect is shared by a number of toxic substances which 
after an initial (hypotensive) shock phase cause secondary (hypertensive) 
counter-shock phenomena; hence it is highly problematic whether such changes 
should be ascribed to some specific humoral compound eliminated through the 
urine. 

The alleged participation of “splenic hormones” in the pathogenesis of 
cardiovascular changes during the G-A-S *° has already been mentioned. 

Nervous stimuli. — In several earlier passages of this book we touched 
upon the participation of the nervous system in the cardiovascular responses 
during the G-A-S. We mentioned that nervous stimuli can act as systemic 
stressors eliciting a G-A-S (cf. page 504) and both autonomic drugs (cf. 
page 550) and surgical interventions on the nervous system (cf. page 551) 
can influence the course of primarily renal hypertension. 

The mechanism of the persistent and intense blood-pressure rise which 
ensues following transection of the depressor (‘‘modulator”) nerves, has been 
studied particularly by Heymans and his co-workers.**° From these investiga- 
tions it is obvious that proprioceptive nervous reflexes — arising in the carotid 
sinus, the arch of the aorta, the heart and several other vascular regions — 
help to maintain a steady blood-pressure level. An increase in pressure within 
these vascular territories stimulates the depressor nerves and thus tends to 
restore the blood-pressure towards normal. ‘In fact the endovascular pressure 
itself regulates and adapts automatically the cardiac output, the circulating 
blood-volume and the peripheral vascular resistance so well that the arterial 
pressure is maintained within normal limits. This automatic and proprioceptive 
regulation is effected mainly by the intermediation of the pressoreceptor innerv- 
ation of different arterial and venous vascular areas”.*?™ Such reflexes must 
obviously play an important réle during the G-A-S. h 

“Complete removal of the paravertebral sympathetic chains prevented t : 
elevation of blood-pressure that ordinarily follows section of the modulato 
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rovided that these nerves were cut before the onset of the incomplete 

gerves: recovery Which ordinarily follows complete sympathectomy in dogs. 
wasome total paravertebral sympathectomy reduced the blood-pressure of 
similar eo hypertensive animals to or below normal for a time (4 to 6 weeks)”, 
neuroge” Jater, some degree of blood-pressure rise did occur.*?® Isolated 
at vatiO2 of the kidney and removal of various other parts of the sympa- 

en 
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nervous system. leaving the splanchnics intact, did not prevent such 


thetic enic hypertension ‘Hypertension, apparently of renal origin, was ob- 
eos to follow division o! the modulator nerves in dogs completely sympa- 
Ee egomized except for the splanchnic nerve distribution to the adrenal glands 


\jdneys. This was markedly reduced by subsequent denervation of the 
and Late elevations of pressure, apparently parallel to those observed in 
i s mpathectomized dogs, were seen in some of these animals’’.4?° 
oe aly, it was demonstrated that persistent and intense arterial hyper- 

a can be produced by selective overstimulation of the renal nerves 
et This has especially clearly been shown in nephrectomized dogs in 
nan a pair of kidneys is transplanted (by vascular anastomosis) to the neck 
vessels. Here electric stimulation of the vasomotor nerves of the transplanted 
kidneys led to a manifest increase in the RPS. production of the pope 
coinciding with a visible renal vasoconstriction. i Conversely, in rabbits i 
neurogenic hypertension, the vasopressor activity of blood taken from the 
renal vein fell suddenly after transection of the kidney nerves.* 

All these observations are compatible with the view that, in the prnaniacne! 
neurogenic hypertension induced by transection of the depressor pease a 
blood-pressure rises as a result of increased sympathin. adrenaline an " ‘S. 
production. The latter response is presumably induced through the sympathetic 
nerves of the kidney which can cause renal vasoconstriction with a am 
hemodynamic changes in the kidney similar to those induced by ae cei 
As long as any one of these pressor mechanisms remains intact, . ood- 
pressure can rise in response to depressor-nerve transection, but after com- 
plete elimination of the sympathetic nervous system, significant neurogenic 
pressor responses of this type are no longer possible. i 

Cardiovascular derangements may also result in man owing = a 
sensitivity of the pressoreceptor areas. This is illustrated oe t e ee 
sensitive carotid sinus syndrome’’.*** In man suffering from this syndro : 
stimulation of the sinuses by pressure caused bradycardia, eee : 
syncope. The bradycardia has been ascribed to increased vaga oe - — 
hypotension to a vasodilatation of sympathetic origin. In this et a = e . 
through its effect upon the vagus. blocked the parasympathetic Ly pet 
influence the sympathetic component; TEA, which paralyzes be 4 pom 
Sympathetic and sympathetic ganglia, prevented both responses. urgic 
denervation of the carotid sinus causes marked by es man, especially 
if the operation is performed on both si : 

Extensive destruction of the spina 
vasomotor par. _ 
gover, Paro? 
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or proprioceptive stimulus. This is usually accompanied by 
flushing of the face, pilomotor erection, congestion of the nas 
vulsions and loss of consciousness. The syndrome is effectiy 
TEA and has been ascribed to a reflex “mass sympathe 
response to non-specific stimuli.4*° 

The participation of the nervous system in the cardio 


intense SWeatin 
: Passages, con. 
‘ly controlled b, 


: ‘ 
¢ disch ” 
arge in 


ascular responses 


to acute systemic stress is of particular interest in connection with th 

Here we can not discuss all the many nervous reflex mecha iar ee 
called into play to preserve the homeostasis of blood-pressu La which are 
re-emphasize the importance of the principal neuro-humoral mechadh ieee 


The tachycardia induced by hemorrhage in cats whose heart had 
previously denervated (and thus sensitized to adrenaline), is ade to int eg 
in the endocrine secretion of the adrenal medulla. This, in turn, depe i ae 
the integrity of the splanchnics; it is prevented by splanchnicotomy ‘31 Ob at 
ly here, both the sensitivity of the target organ (heart), and the pre eenie 
the pressor substance itself (adrenaline) are dependent upon nervous ane : 
The splanchnics can effect an adrenaline discharge while the normal onde 
the cardiac nerves exerts a continuous inhibitory influence upon the res * : 

‘ A ponsive- 
ness of the heart to the circulating adrenaline. The general vasoconstriction 
caused by hemorrhage is also largely dependent upon the integrity of the sym- 
pathetic nervous system. Thus, in normal dogs, hemorrhage causes a less tied 
nounced vasoconstriction in the heart and brain than in other organs. In 
sympathectomized dogs, such “preferential treatment” of the vital centers is 
lost and all vascular territories react in essentially the same manner. Conse- 
quently, resistance to stress is greatly reduced because of the tendency to de- 
velop cardiac and cerebral anemia.*** 

An essentially similar difference between the intact and sympathectomized 
animals is seen during traumatic shock.4*® Application of a tourniquet to the 
hind legs of the dog produces pronounced renal vasoconstriction and may thus 
increase the production of R.P.S. Dogs in which afferent stimuli from the hind 
legs were blocked by section of the spinal cord do not exhibit this renal vaso- 
constriction. Consequently, it was concluded that this vascular response is 
neurogenic and arises at the site of tourniquet-application. Yet, mere dener- 
vation of the kidneys does not prevent renal vasoconstriction following applic- 
ation of the tourniquet; hence, presumably, the ultimate effector mechanism is 
still humoral.*”° 

In agreement with expectations, the hypotensive action of various shock- 
producing drugs, such as peptone, histamine or acetylcholine is greatly augment 
ed by sympathectomy.*# 

Various cinchona alkaloids proved very effective in decreasing the blood- 
pressure of dogs with neurogenic hypertension. Indirect evidence suggests: 
however, that at least part of this beneficial effect is due to renal hyperemia.* 


Drugs and Diet. — Among the many publications concerning the influence 
of various drugs and dietary constituents upon the cardiovascular system, oO 
a few have a direct bearing upon the G-A-S and its diseases. Some of these 
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on been discussed in a previous section conjointly with other stressors which 
Suce organ changes possibly related to the G-A-S. Here we shall merely 
eer a few special instances in which such compounds act primarily as 
ul influencing the course of a G-A-S elicited by other stressors. 
s We have repeatedly mentioned the important réle played by sodium in the 
nod uction of hypertensio and hyalinosis by LAP and corticoids. Only in 
Meurogenic and in particularly acute and intense renal hypertension (e.g. 
endocrine kidney) does odium fail to affect the development of the hyper- 


e disease (cf. p. 548). In the rat, as in most laboratory animals, high- 


tensiV é ee ‘ 
in themselves, do not cause hypertension or cardiovascular lesions, 


sodium diets, 
put rats expos 


much more readily on high than on low-sodium diets.“ Curiously, cold is 
much more effective in this respect than most other stressors, except parenterally 
444a 


administered foreign BrOtehass 
Unlike the other species so far examined, the chick develops hypertension, 
nephrosclerosis and arteriosclerosis on high-sodium diets even without any 


additional treatmen 

We have also previously mentioned that wherever sodium aggravates 
hyalinosis and hypertension, ammonium chloride and other “acidifying salts” 
exert an opposite effect. In view of these findings NH,Cl was administered 
to rabbits in which an allergic reaction of the periarteritis nodosa type was 
produced by horse serum. “There was a decreased incidence of arteritis in the 
group of animals receiving horse serum and ammonium chloride, and it is 
suggested that this trend might become significant by a more effective use of 
ammonium chloride’. Under the conditions of this experiment the serum Na/Cl 
ratio was not significantly altered until after the 24th day of treatment, when 
it began to fall. Nevertheless, the authors conclude that ‘these results clearly 
indicate that the development of foreign protein arteritis is not mediated through 
alterations of the serum Na/Cl ratio and therefore, if such an alteration is 
essential to the development of DCA-induced arteritis, as suggested by Selye, 
then the pathogenesis of these two varie mB 


t.445 


ties of arteritis must be different”. 
In the pathogenesis of the hyalinosis produced by mineralo-corticoids, Na 
presumably acts in the receptor cells themselves, not in the circulating blood. 
A rise of the Na/Cl ratio of the serum is merely an index of some derangement 
in Na metabolism. Allergic arteritis probably results from much more complex 
changes than the mere liberation of mineralo-corticoids, yet we feel that the 
above experiments tend to suggest that this hormonal response may also be 
involved and would well deserve to be repeated under more suitable experi- 


mental conditions of NH4Cl administration. 
For the manifold cardiovascular actions of autonomic drugs, the reader 
f the frequent use of TEA. 


is referred to pertinent monographs.*** In view © 
« is noteworthy, however, that in the dog, this compound suppresses the ce 

Sinus reflexes and causes pronounced BYPY sion. y 
Peripheral vasodilatation and 
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DFP (di-isopropy|fluorophosphate ) inactivates the pseud¢ dee 
esterases of blood and tissues. This causes no manifestat a choke 
stimulation, although sensitivity to injected acetylcholine i ‘a liner gic 
ed. NY increas. 

Nu-683, in doses inducing selective inactivation of “‘pseudi 
sensitizes the chemo-receptors of the carotid body to ace 
increases the vasopressor reflex responses due to chemocepti 
acetylcholine.” 

Various adrenergic blocking agents may interfere with the n 
responses to systemic stress. For instance, they block the 
reverse the blood-pressure rise normally caused by exposur 


holinesterage” 
lcholine and thus 
timulation by 


mal Vasopresgor 
irotid reflex and 
such stregses 


as reduced oxygen tension, On the other hand, these druys do not interfere 
with the pressor responses elicited by vasopressin or ergot alkaloids. In dogs 
pretreated with dibenamine, irreversible hemorrhagic shock, due to prolonged 
sympathogenic vasoconstriction, can be prevented because the drug blocks the 
vasopressor mechanisms.“ Both benadryl and BAL (as well as many non- 
specific stresses) cause “vascular refractoriness” to various stimuli, This is, 


dt least partly, due to a direct action because benadryl inhibits vasoconstriction 
even in vitro, as shown by experiments on the isolated rabbit's ear. In dogs, 
such systemic stressors as severe skin burns, have essentially the same paralyz- 
ing effect upon the blood-vessels, and simultaneous administration of benadryl 
further augments the vascular refractoriness. In the case of intense and simult- 
aneous overdosage with benadryl and BAL, vascular refractoriness becomes 
almost complete, Such treatment decreases the survival time of subsequently 
scalded animals, apparently because there is vascular paralysis, vasodilatation 
and perhaps also increased vascular permeability." 

The production of myocardial nodules and generalized hyalinosis by sterile 
horse serum in the rabbit is not influenced by benadryl or other antihistaminic 
drugs.4%* 

Since salicylates proved so useful in acute rheumatic fever, it is interesting 
that, in rabbits, allergic arterial lesions can be prevented by pretreatment with 
sodium salicylate. Circulating antibodies are demonstrable in spite of the 
salicylate treatment, but: “It is believed that the lesions fail to develop because 
there is no antigen-antibody reaction, and that this reaction cannot take place 
because salicylate has prevented antigen from uniting with the tissue cells”.“"" 

It is perhaps also pertinent that aminopyrine allegedly inhibits the capillary 
leakage and “serous inflammation” otherwise caused by histamine ae 

Changes in tissue hyaluronidase activity have often been suspected to play 
a réle in the development of rheumatoid and other inflammatory lesions. Yet 
intravenously-administered hyaluronidase has little or no visible effect upon 
the capillary wall. Some sticking of leucocytes in the collecting venules and a 
slight dilatation of the arterioles were the only changes detectable in the frog 
mesentery or rat mesoappendix. On the other hand, if topically applied on the 
surface of the mesentery, petechial hemorrhages appeared, especially in yenules 
and capillaries.“°7 It has not yet been definitely proven that hyaluronidase plays 
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«| the pathogenesis of cardiovascular ‘‘diseases of adaptation” and 
3 part hese is any relationship between an inhibition of this enzyme and the 
inet tic efficacy of salicyates 
theraPe oncerning the effect of flavonoids of the vitamin-P group upon the 
Ee agic syndrom ed by x-irradiation, are conflicting (cf. ionizing 
toot above) 


The hypotensive effect of various non-specific therapeutic agents (¢.g., 


ial toxins, colloidal metals, foreign proteins, trypsin) is demonstrable 
oa ormal individuals, but is much more pronounced in patients suffering 
yee ertension.*°* Some observations indicate that this is due to a decreased 
from hyP responsiveness, but perhaps increased detoxification or decreased 
vascular n of R.P.S. as ¥ ell as a diminution of the blood-volume may also be 
product It remains to be : hown whether some of the so-called “antihyperten- 
involves thiocyanates, marine oils, more or less toxic tissue extracts) 


: ru 3” (e.g. “es ; " 
“ogee effects, at least partly, through a similar mechanism.*”” 
e 


The “hyperergic myo endocarditis” which can be produced in rabbits by 
horse serum is allegedly prevented by artificially produced fever.” Periodic 
intravenous administration of nitrogen mustard suppresses not only antibody 
formation but also the production of periarteritis nodosa in rabbits treated with 


horse serum.**! These observations are somewhat reminiscent of non-specific 


therapy. 
Pictou lipotropic hydrocarbons (¢.g., chloroform, toluene, xylene, petrol- 


eum ether, gasoline) sensitize the mammalian ventricle to adrenaline so po 
extra systoles, tachycardia and fibrillation may result after administration ° 
small doses of the hormone. A number of observations suggest that seer 
epinephrine, if liberated in sufficient quantity through emotional stress, cou 2 
present a serious hazard through its effect on the ventricular complex sensitize 
to various lipotrophic hydrocarbons.“ Be 
Since morphine is extensively used in post-traumatic and hemorr . 
hypotension to relieve pain and emotional tension, the effect of this ne “7 
been carefully examined in dogs subjected to hemorrhagic shock. It se oun 
that, in the later stages of shock, morphine lowers the blood-pressure, depresses 


i i 46: 
the peripheral circulation and is therefore definitely contra-indicated.“™ 


_ ditional stimuli which influence cardio- 
re an te ns the idual is especially 


vascular responses during the G-A-S, the age of the indiv : 
Pievetthy. It is well Cecer that, in man, the incidence of cardiovascular 
disease and especially of arteriosclerosis increases with age. This is in net 
ment with the concept that the above are diseases of adaptation, ane ie 

would become more frequent in individuals who have been expose A aoa 
Stressors during the course of a long life. In the rat the Par heen ine oe 
sclerosis as we know them in clinical medicine are rare, but periat MUS LENS 

to develop s antly, species, 
Stress, LA 
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Bilateral enucleation of the eye significantly raises the blo 
rat, Although this experiment was initially performed in order to sei 
effect of removing an important source of hyaluronidase, it wa adnelaaeale the 
considered to be significant in this connection. It was pointed out, ho Y not 
that the hypertension so produced is unaccompanied by dete: tai Prete, 
The authors state that “it seems evident that a hypertension has been orale 
which is neither renal nor neurogenic in origin’.*°° However’. the rise in ae 
pressure was very slight (on the average 14 mm. Hg.) and ti Ood- 


; ; possibility of 
nervous factor should perhaps not be entirely discounted these blinded 
animals. 


Pressure in th 
e 


Cardiovascular Diseases of Adaptation 


It is our belief that a number of cardiovascular diseases currently considered 
to be more or less independent clinical entities, are closely related to each other 
in that they all represent derailments of the G-A-S.*%° Among these, we shall 
discuss various diseases of the heart and vessels (e.g., hypertension, arterio- 
sclerosis, periarteritis nodosa, endarteritis obliterans, thrombo-angiitis obliter- 
ans) as well as some mesenchymal derangements (such as diffuse collagen 
disease, rheumatic diseases) which in our opinion, are closely related to the 
former. 

The arthritic manifestations of rheumatic (or rheumatoid) conditions (p. 386), 
the allergic vascular manifestations (cf. chapter: ‘“Serology’’) and certain 
related skin diseases (chapter: “Skin"’) are discussed separately. Additional 
pertinent data will also be found in the chapters devoted to the various organs 
(e.g., kidney, pancreas, nervous system) since in these, vessel lesions are con- 
sidered in conjunction with the other local structural changes. 

Let us emphasize here at the outset that this whole group of the cardio- 
vascular and other mesenchymal diseases of adaptation is closely related to 
the phenomenon of “serous inflammation”. The “serous myocarditis’, the 
“serous arteritis”, the “serous imbibition” with subsequent inflammatory changes 
which occur in the collagenous connective tissue in rheumatic disorders, all 
commence with a derangement of the selective permeability of capillary mem~- 
branes. This is followed by the transudation of plasma into the interstitial 
spaces and a consequent granuloma formation. In such diseases, salicylic acid 
and aminopyrine derivatives have long been recommended with a view 0° 
decreasing the permeability of the capillaries and other membrane surfaces. 
— It has been one of our major objectives to show that the organism itself 
tends to combat such diseases by producing corticoids. These normally regulate 
the permeability of membranes and hence a more natural, etiologic therapy ° 
such maladies could be based on helping the body in this task by supplying 
exogenous supplements of corticoids whenever required. In the kollas 
pages we shall discuss the cardiovascular diseases of adaptation particularly 
from this point of view. 


, f 

Hypertension. — Many of the data discussed in the preceding pages ie 
this section suggest that hypertension can develop as a result of exposure 

systemic stress. However, hypertension is a symptom and not a 
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ess, the blood-pressure can be raised by a variety of different mech- 
Obvio Especially important among these are: (1) nervous stimuli (e.g., emo- 
Se caress. increased intrac ranial pressure, severance of the depressor nerves), 
oath increase peripheral resistance through widespread vasoconstriction, 
whic cessive production of directly or indirectly vasoconstrictor substances 


(2) 


has adrenaline, no: \renaline, corticoids, R.P.S. or vasopressin, (3) arterio- 
suc 


osis Of coarctation of the aorta, which increase peripheral resistance due to 
scler wate blood-vessel-lesion, (4) an increase in blood-volume and (5) com- 
an oy of several amo! the above-mentioned factors. It is not permissible, 
— to interpret hypertension as a single disease entity and the extensive 


ts to discover ‘the etiology of hypertension” were a priori doomed to 


effor' 

failure- ; ; : ‘ 
The homeostasis of the blood-pressure is extremely important for the main- 

tenance of life; hence it is safe-guarded by several alternative mechanisms 


., order to insure its stability even if one or the other of the regulators should 
fail A necessary corollary of this multiple regulation is that the blood-pressure 
— also be adversely affected through many channels. One of the greatest 
dangers during exposure to severe systemic stress is shock” and hypotension. 
Presumably it is to defend the body against this danger that nature has fore- 
seen so many alternative pathways through which the blood-pressure can be 
raised. When a homeostatic mechanism is so intensely stimulated that its 
excessive function is in itself the principle derangement, we may well speak 
of a “Disease of Adaptation”. Curiously, in this sense, most cases of clinical 
hypertension fall within the confines of this group, irrespective of their diverse 
pathogenic mechanisms. 

In the case of hypertension — as with many other diseases of adaptation — 
it is very important, however, to distinguish clearly between primary and sec- 
ondary disorders of the adaptive mechanisms. When the blood-pressure rises 
because of a primary change in one of the blood-pressure-regulators themselves, 
we speak of a primary disease of adaptation. Compression of the renal spo 
by a tumor or scar, stimulation of the vasopressor nerve-centers by — 
disease foci, destruction of the depressor nerves, primary hyperfunctiona 
tumors of the anterior-pituitary, adrenal-cortex or adrenal-medulla, could be 
cited as pertinent examples. In none of these cases does the blood-pressure 
rise as a defensive measure. It is true that any of the above derangements can 
secondarily cause systemic stress and elicit a G-A-S, but here = rhea 
defense-reaction is not the cause, but the consequence of the principal derange- 
nv itself condary disease 

Much more frequently, hypertension presents itself as a se Be ae 
of adaptation; that is to say, the blood-pressure rises because a i 
of the pressor mechanisms became unduly overactive in ; “ ee, 
stressor, We have seen that hypertension ¢ produces that 
Many, very diverse, mechanisms. It is especi@ 
the final lin! a a Ot 
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During systemic stress, adrenergic stimulation can be eff 
purely nervous pathways, such as stimulation of the sym sort ee 
and/or inhibition of the antagonistic (depressor) ietinerctal ; 
similar effect is achieved through neuro-humoral pathw ee 
discharges adrenaline and nor-adrenaline from the Biren 
stimulation of its secretory nerves, the splanchnics. a 


through 
ae a8SOmotorg 
gic nerves, A 
i a stressor 
nedulla through 


The renal-pressor-system can be activated, during systemic st 
the hypophysis-adrenal-kidney chain. There is increased ACTH through 
this augments the elaboration of corticoids and these, in 7” - production, 
kidney so that more RPS is formed and less is detoxified All neue the 
mechanisms are activated during the G-A-S, though not ahs AVS S86) DRESIOE 
ately and to the same extent. Adrenergic stimulation is ae. Pee 
acute emergencies, while RPS appears to be called upon — ay 
continued stress. In any event, the resulting rise in blood-pressure ee curing 
and normally does not long outlast the period of exposure; here wae aaa 
with a physiologic adaptive reaction, the G-A-S. Only when health ii cea 
by a derailment of this response and persistent hypertension ens oe 
speak of a disease of adaptation.*°™ nS Se 


We know comparatively little about the participation of vasopressin in eith 
physiologic or pathologic elevations of blood-pressure and the chemical re . 
ure of this posterior-lobe principle has not been fully elucidated. ec 
impossible at present to assess the réle of the posterior-pituitary in the on: : 
responses to stress. Since vasopressin causes especially ports) sre 
vasoconstriction, it could increase the production of RPS, somewhat like a 
mechanical clamp does, when it constricts the renal artery. It also causes 
systemic vasoconstriction due to a direct effect upon the blood-vessels, like RPS 
and the adrenergic compounds. This makes us think of a possible chemical 
resemblance between part of the relatively large vasopressin molecule and 
the other pressor agents mentioned, but there is no actual evidence to suggest 
this. In any case, we have no definite reason to believe that vasopressin plays 
any important role in physiologic or pathologic pressor responses during sys- 
temic stress. 

The following are the principal experimental data which appear to suggest 
that hypertension is a disease of adaptation. During exposure to systemic stress, 
adrenergic substances (adrenaline and nor-adrenaline) are demonstrably dis- 
charged from the adrenal-medulla and at sympathetic nerve endings. The 
resulting pressor responses can be diminished or abolished if this discharge 
is prevented by sympathectomy or adrenergic blocking agents. 


, Certain data suggest that an excess of nor-adrenaline is the principal factos 
in this type of hypertension. Indeed at the comparatively low blood-levels 
at which such adrenergic compounds are likely to circulate, adrenaline appears 
to diminish the pressor action of nor-adrenaline, presumably because at 4 
low dose-range the former has a vasodilator, the latter a vasoconstrictor © ect. 
These findings suggested “that a disturbed balance between both ‘sympathetic 
transmitters’ could be concerned in the production of hypertension ”.** This 
is rather reminiscent of the derangement in the gluco-corticoid: 
corticoid ratio which may also cause hype ension 
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There is os -— to aoe ct systemic stress also causes a dis- 
rom the an E is i 
A erior-lobe. This increases the production by 


charge o tex of srticoids f i 
“ Orenal-corte? pi corticnee some of which (e.g., desoxocortisone) can 
- hypertension in animals and man. 
ca ; pecs plat ; sled 
Ege emotional stress plays an important rdle in the pathogenesis of clinical 
ypertension- it is especially interesting that the experimental hypertension 
roduced by nervous (¢-3- audiogenic) stimuli is apparently also dependent 
pit Ke adrenal-cortex. The pressor response to corticoids is perhaps mediated 
the kidney. since it is accompanied by characteristic changes in the renal 


arenchyme and is probably abolished by complete nephrectomy. Indirect 
Fyidence suggests that mineralo-corticoids can both increase the production 
and diminish the detoxification of RPS, but this latter point has not yet been 
fully proven. 

The pressor effect of DCA is most pronounced in patients who previously 
suffered from some degree of renal damage and hypertension. Correspond- 
ingly. partial nephrectomy considerably augments the hypertensive action of 
DCA in animals. This enhancement of the pressor response to DCA by renal 
impairment may merely be due to a concentration of its toxic effect upon the 
renal remnant, with a further increase in RPS production. However it may 
also be ascribed to a diminution of the RPS-detoxifying power of the kidney. 
Such an action would naturally raise the pressor potency of DCA, especially 
in those individuals whose RPS production is elevated as a result of a pre- 
existent renal damage. 

Some experimental observations intimated that certain stressor agents also 
increase the production of vasopressin by the posterior-lobe. It is not known, 
however, whether this response is common to all alarming stimuli and whether 
it ever participates in the production of hypertension. 

Several investigators reviewed the pertinent clinical data.* It was pointed 
out that hypertension tends to occur with particular frequency among people 
subjected to intense and long-lasting emotional stress so that the disease fre- 
quently presents itself in the form of a psychosomatic disorder.” The often 
rather persistent hypertension which develops in soldiers repeatedly exposed 
to the intense stress of battle,*™ illustrates this point with special clarity. The 
“blast hypertension” which may persist for weeks in people who were in the 
vicinity of a single major explosion is probably a related phenomenon.*™ 

However, less intense emotional experiences may eventually also produce 
the same result. It might be best to illustrate current opinion concerning this 
important point by a few direct quotations from those who specialize in the 


study of this field. ‘““The tendency to exhibit transient hypertension in response 
di physiological make-up 


to mental or other stimuli, may be taken to indicate a phy se 
bie is likely to express itself in da ly strong and frequent 


h eleva- 
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The kidney may perhaps also eventually participate in the ne 
of hypertension. ‘Possibly certain abnormal cerebral activity 
in persistent or recurrent renal cortical ischemia, and this 


urogenic type 
m man results 
mechanism may 


lie at the basis of essential hypertension’’.*"* 

Of course, hereditary factors likewise play an important rdéle in paydhaeae 
hypertension,*” not all individuals react to the same situation with cet 
intensity. Indeed, “essential hypertension is considered a psychosomatic a 


ease because of the important réle personality factors appear to play in jt” 
“ nar it 

“The individual appears frequently to be caught between his inabilit ; 
roll with the punch and take life's onslaughts passively or to eapiacin 
aggression and hostility and attempt to end them by a frontal attack, a, 
insoluble life situation is often the result’’; this may lead to abnormal dais 
reactions with a rise in blood-pressure.*** Somewhat in the same vein, it has 
been said of hypertension that “it is the price the millionaire pays for his 
directorships and the clerk for his failure’’.477 

It is well-known of course that organic lesions in the central nervous system 

(e.g., brain tumors which raise the intracranial pressure) may also raise the 
blood-pressure. Lesions to the diencephalic centers appear to play an important 
réle, for instance in the “hypertensive diencephalic syndrome of Page’’.4% 

In connection with our approach to this problem it is especially noteworthy 
that not only emotional, but various other stressors can probably produce 
hypertension, at least in predisposed individuals. That this is so in exper- 
imental animals has been discussed in the preceding pages. Let us merely 
add here that in clinical medicine focal infections are often claimed to act 
in this manner.*7® After various systemic infections a persistent rise in blood- 
pressure is claimed to be sufficiently common to justify the term “postinfectious 
hypertension’”’.*%° Yet it is remarkable that the continuous and severe systemic 
stress of organic disease does not lead to hypertension more often in clinical 
medicine. Apparently the organism is much better prepared to make the 
necessary metabolic adjustments required for adaptation to physical or chem- 
ical damage, than to nervous and emotional stimuli. 

We have repeatedly had occasion to point out in this volume that adaptation 
itself is normally not conducive to disease; pathologic derangements, including 
hypertension, ensue only when the adaptive reactions are excessive or abnormal. 
A common cause for such derailments is the excessive defensive production 
of certain hormones (e.g., mineralo-corticoids), without the necessary com- 
pensatory readjustment of metabolism, which makes it possible to withstand 
the resulting hormone-excess without damage. Experimental work has taught 
us that the production of hypertension by stress, LAP or corticoids is largely 
dependent upon the abundant availability of sodium and protein; it is further 
facilitated by pre-existing renal damage. This illustrates the importance © 
conditioning factors. Perhaps emotional stress produces hypertension more 
readily than does organic damage because the latter is more effective sd 
initiating those compensatory adjustments (e.g., changes in intermediate ee 
abolism) which can protect the body against the toxic side-effects of its OW 
adaptive response. 
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.< customary to distinguish between essential and malignant hypertension. 

It is ¢ reat merit of Volhard #8! to have delimited the so-called red 

t is ae from the pal (malignant) hypertension. Patients with red hyper- 
(essenti? i apparently in excellent health, their face is usually flushed and they 
ension a se weight; conversely, the pale hypertensive exhibits generalized 
peat Fcson. loses weight and is manifestly ill. Volhard believes that only 
asoconsit™ e of hypertension is of renal origin and caused by a strictly humoral 
platter an Concerning essential hypertension he states that “increased 

derangerrn arterial system occurs under the influence of endocrine, nervous, 
wear 0 ic and hereditary factors and leads to great variations of blood- 
ge the first stage of hypertension, due to increased minute volume.” 
Br gaat. however, that this form may gradually assume the malignant type 


1. which cas¢ the neuro-regulatory mechanism of red hypertension changes 
ag the humoral mechanism of pale hypertension.” sla 
Oe are inclined to think, however, that certain types of clinical hyper- 
ion do not fit readily into either of these categories. Among these are the 
gel e to mere sympathetic overactivity or the excessive production of 
ai a substances by the adrenal medulla (chromaffinoma). The classical 
ee of the red or sthenic hypertensive is the patient with Cushing's 
Pe due to a basophilic adenoma of the anterior-lobe, adreno-cortical 
Ee calecta or a primary adreno-cortical tumor. | The typical a - caged 
hypertensive is the patient who suffers from idiopathic” ace a 4 
some other primary renal disease. There are many transitiona Cea a de 
may be expedient to distinguish the following three main types of ¢ 


hypertension: F ieaitione, anette 
(1) Adrenergic hypertension (including adrenergic stimulation y symp 
thetic nerves, chromaffinomas or adreno-medullary hyperplasia). 
(2) Sthenic or red hypertension (exemplified by Cushing s fe 
some of the ‘“Cushingoid’ forms, €.9., those of the pea yORe ew y 
certain types of neurogenic hypertension also belong to the sthenic y)- 


(3) Asthenic or pale hypertension (chiefly of renal origin, e.g., nephro- 
sclerosis). 


The first two types are usually “benign” at first, while the third is fre- 


i -< most probable, however, that in pre- 
quently malignant from the onset. It is most p Sean erate 


disposed individuals, any continuous severe hyper : 1 : 
affect the kidney and to ast “malignant”. It is mainly due pe ie oe 
sion that transitional forms occur. The. disease atu ees - 2 ‘aii 3. 
type 1 or 2 to type 3, it could also develop from type 1 throug an to the end. 
In other instances, it remains in the same category from its incep 


2 to type 1, 
Retrograde development from type 3, to stupa Za eas i 
does not appear to occur. . ; 


Eee hm 
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The endocrine origin of hypertension has repeatedly been postulated 
basis of purely clinical evidence,**? and by comparing clinical with expe ON the 
data, several investigators came to the conclusion that “Perimental 


; ; stimulation 
adrenal-cortex through the anterior-lobe is of special pathogenic nie Of the 
5 Si ‘ r f ance 483 
In connection with the interpretation of hypertension as a disease of 
as . 


ation, particularly valuable data were also obtained by stud 
the metabolic derangements and the efficacy of certain thera; 
in such cases. 


dapt- 
eS concernin 
eutic procedures 


Several investigators expressed the opinion that, in certain hypertens; 
patients, there is a derangement in the metabolism of sodium. Quite ae 
quently, the blood-Na is high in proportion to the blood-C! so that the Na Cy 
ratio rises; simultaneously we note an increase in the CO.-combining power 
the blood.*8* It was pointed out that these changes are similar to those x 
in DCA-treated animals during the development of experimental nephrosciaens 
and hypertension.48° They also resemble the “hypochloremic alkalosis’ of 
Cushing's disease.*8® Furthermore, hypertensive patients, unlike normals, do 
not tend to lose weight or fluid when deprived of sodium. It has been emphasized 
that this “inability of hypertensive patients to lose weight and fluid in response 


to sodium restriction is consistent with the view that the adrenal cortex may 
be implicated...’’.487 


In the “pseudo-Cushing”’ type of hypertension, the elimination of Na through 
the sweat is diminished; this has again been ascribed to hypercorticoidism.*8™ 


There are important changes in fibrinogen metabolism during the G-A-S 
(cf. p. 166 ff.). It is noteworthy therefore that one group of workers found 
no obvious correlation between the level of arterial pressure and the blood- 
fibrinogen concentration,*8* but others report the blood-fibrinogen to be rather 
consistently elevated, especially in the malignant form of hypertension.**° 


In view of the theory that the anterior-pituitary and the adrenal-cortex 
may be involved in the pathogenesis of hypertension, insulin-tolerance curves 
have been performed. It was found that, in patients with essential hyperten- 
sion, the blood-sugar concentration returns very slowly to the pre-injection 
level. This was taken to indicate that there is no increase in the contra-insulin 
factors (gluco-corticoids) in these patients. Indeed the observations appeared 
to suggest an actual decrease.* This is of especial interest in view of the fact 
that gluco-corticoids exert a depressor effect in certain hypertensives, perhaps 
because they antagonize the vascular actions of mineralo-corticoids. 

On the other hand many patients with malignant hypertension tend to be 
highly resistant to insulin.**' The same is true of patients with hypertension 
due to Cushing's disease with a marked increase in gluco-corticoid formation. 
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both insulin resistance and the blood-pressure level are diminished by 
ere drenalectomy.**” These apparently contradictory findings may well 
gubtotal am fact that gluco-corticoids can raise or depress the blood-pressure 
due “il upon conditioning factors (cf, above). In any case these observations 
depending ort the adreno-cortical theory of hypertension, in the sense that 
tend to oa an abnormal elaboration of corticoids. 
they Pe acas concerning derangements in the hormone metabolism of hyper- 
Obsert ‘elded particularly interesting data. Several observers claim to 
tensives Perieated a rise in the ACTH content of the blood in hypertensive 
have a Although the blood of normotensive individuals was used for 
tion the interpretation of these findings is rendered somewhat dif- 
comp : 


because the assays were performed on intact, not on hypophysectomized, 
felt D&C 1s. Repetition of this work with more specific bioassay methods 
‘al Bi ccefore be desirable. Yet, the data are interesting especially since in 
oc with hypertension due to Cushing's disease, a marked increase in the 
pa 


elimination of corticotrophin has repeatedly been observed with unas- 


urinary 494 


; ioassay technics. 
ise Ri coned data suggesting that vasopressin (presumably identical 
with aie “anti-diuretic hormone’’) is discharged during systemic stress. In 
his connection it is noteworthy that in a series of 15 hypertensive patients 
ie excretion of the anti-diuretic principle was increased in 11 and within 
the normal range in the remaining 4'.4° The blood of hypertensive patients 
also frequently contains large amounts of an anti-diuretic substance (presum- 

ly vasopressin) .4°° 
Be ssugh in certain types of hypertension the corticoid content 8 in ae 
is increased, it appears to be within the normal range in baa pa si / baie: 
essential hypertension (formaldehyde-cleavage method). wane e gamed 
patients suffering from essential hypertension also fails to exhibi a sat 
able increase in ‘formaldehydogenic” corticoids. However, using other - - 
of cortical hyperfunction (eosinopenia, plasma CO2-combining bile Re aed 
CO./Cl ratios) it was noted that “32% of ee Biseeste elie 
higher than anyone in the normotensive group - Yet vie : ie a ae 
statistically significant, and it has been concluded that be onal Selon 
that there might be a slight adrenal hypersecretion in essentia’ Lee mpl 
the above data indicate that a marked adrenal ek is cies Pee Wig 
In one case with hypertension and marked coals eng! pecien 
(177 glycogenic units/24 hrs.) corticoid excretion fe io : OEE eee 
units/24 hrs.) values after sympathectomy, while the blood-p 
normal,#984 

It must be kept in mind that the experimental 
tion of an interrelationship between clinical hypert 
mee were based on the production by cor ids 
tial, hypertension. Hence, it wo 
the mes rtension y! 


it 1, 


data which led to the assump- 
sion and cortical hyper- 
malignant, not of essen- 

ies to 
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common type of clinical hypertension. We believe that it may beca 

genic, however, in conjunction with other sensitizing factors se Patho. 
derangements in protein metabolism, renal damage). Therefore retention, 
clinical studies should also be directed to detect the possible ' Pertinent 


: ae ee one - CO-existence yw; h 
mild hypercorticoidism of such sensitizing factors. Finally m a 
ore attention 


should be given to possible derangements in the gluco-corticoid: min 
corticoid ratio, without any change in the total corticoid production ie 


In a group of hypertensive (type not indicated) women - urinary elimi 
in- 


ation of pregnanediol and 17-KS was found to be frequently below normal.49 
Since both these substances are potential metabolites of corticoids sat 

diminution might be interpreted as an indication of an abnormal ‘ae a 
metabolism. However, such far-fetched conclusions would hardly be justia 
in view of the rather inconsistent data and the comparatively small number 


of patients examined. 

Since systemic stress characteristically causes a pronounced discharge of 
adrenergic substances from sympathetic nerve-endings and the adrenal-medulla 
their participation in clinical hypertension has long been suspected.5 It has 
been emphasized, however, that within a near physiologic range, adrenaline 
acts as a vasodilator and causes hypertension only by increasing cardiac out- 
put. If higher doses are administered, adrenaline produces marked hyper- 
glycemia and other manifestations which are not commonly seen in clinical 
hypertension. Nor-adrenaline, on the other hand, acts as an over-all vaso- 
constrictor, with no important change in cardiac output and only a slight hyper- 
glycemic effect. It is now well established that both the sympathetic nerve- 
endings and the adrenal-medulla discharge a mixture of adrenaline and nor- 
adrenaline, in varying proportions; it is possible, therefore, that endogenous 
overproduction of adrenergic compounds could be of etiologic significance 
in certain types of clinical hypertension."°" 

The adrenaline content of the blood is within the normal range in hyper- 
tensive: patients at rest," but “urosympathin” (mixture of adrenaline, nor- 
adrenaline and hydroxytyramine) elimination in the urine is allegedly high in 
chronic nephritis and nephrosclerosis,*”* as well as in some cases of essential 
hypertension.*™* 4 

Allegedly physical exercise causes excessive elevations in the adrenergic 
compound content of the blood in hypertensives and there are abnormally high 
concentrations of such compounds in the hearts of patients who had died from 
hypertensive heart disease. These and many other similar observations le 
to the conclusion that ‘exaggerated joint adreno-cortical and adreno-sympa- 
thetic co-operation seems to be a decisive pathogenic factor in hypertensive 
heart disease with or without hypertension’.°” 

There is no definite proof that the blood level of RPS is significantly 
elevated in hypertensive patients. Yet several investigators adduced evidence 
suggesting that under suitable conditions a rise in the renin®** and hypertensin 
concentration is demonstrable, especially in malignant hypertension with nephro 
sclerosis. 


oe - = — — —_ — a eee ae 
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It has been claimed, furthermore, that an alcohol-soluble pressor substance 
i emg can be ext acted from kidney tissue and that this material is not 
nep” = with adrenaline, tyramine, hydroxytyramine, vasopressin or renin. 
as concentration |: high in the blood and urine of patients with chronic 
gince } Jo-nephritis and other types of renal hypertension ‘“‘nephrin” was 
gomen to play an important réle in the pathogenesis of these diseases.* 
pelieve eavestigators also state that “it seems reasonable to conclude at the 
Other ae that the blood from some hypertensive patients often contains 
a nce or substances which raise the blood-pressure of rats”. In con- 
- a Oath the possible relationship of such compounds to the adrenergic 
. amines it is interesting that — “so far, most of the evidence suggests 
rr 


these substances are amine-like in nature”.5 The pressor action of this 
ae 1 is greatly potentiated by threshold doses of adrenaline in which it 
Be ites the VEM of Shorr et al. It must be kept in mind, however that the 
ox r substances, in the blood of hypertensives, are not necessarily related 
ie cenaiine. Although, allegedly, there is a simultaneous rise in blood-amines 
he  ressor-substances, the method used would not determine phenolic amines, 
oe ihe tyramine and adrenaline.©™ Yet, here we may be dealing with adrenaline 
Be eraors or metabolites. The name “pherentasin” (phero = hold up, entasis = 
es) has been proposed to designate this pressor material, which appears 
fn the blood in most types of hypertension’ .5* 

Significantly, using the classical meso-appendix test, the blood oe 
of VEM has also been shown to be unusually high in various types  paeie 
hypertension. Sometimes, especially in malignant | Lsaacaptd a mn 
festly predominates, but much more frequently its effect is masked by a simul- 
taneous rise in the VDM-concentration of the blood. In this event = ed 
of VEM can only be demonstrated after the depressor effect of the s 
abolished.*1° ; : 

For additional data concerning changes in metabolism, especially Sa 
metabolism in hypertensive disease, consult also the section: Hormone Metab- 
olism, pp. 214-245. é ay 

ee cathologic anatomy of hypertensive disease furnishes many additional 

i the diseases of adaptation. The per 
data which suggests that it belongs to the Dectk kee 
tinent literature has already been discussed in the sections ee a ga 
phologic changes in the adrenals, the kidneys and es cardiovas y 
Let us merely summarize the mont important ad ne cuddles aki 

In the pituitary, hyperplasia of the basophils pp Seen 
though far from constant, in cases of hypertension “ a aces iain. 

In patients who die from hypertension and nep a. Neeeaace ataele 
cortex is frequently enlarged and rich in lipids; it often 


ilar adrenal changes 
small adenomas and foci of lymphoc tion. Similar Ps see 
ered as 


au 
at 
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hence adrenal hyperplasia is not necessarily conducive to hvpe 
versely. an elevation of blood-pressure may result from a 'Pertension: Con 
. . . . 5 aa <a > 
There is some indication that adrenal-medullary hyperplasia ; Be 
oueare hypertensive than among normotensive individuals. “The common 
interpreted as indicative of an increased adrenergic hormo his could be 
mone 


Production jn 


certain cases. Furthermore, the symptomatology of some pheochro 
4 ©SMOcytomas ; 
7 aS is 


indistinguishable from that of essential hypertension.°1™* 


Essential hypertension is not accompanied by character 
changes (detectable with present day methods) in ie Kidnc,, 10 
Se Se and in the more chronic forms ae Brights aa 
produced Be a eas the changes are strikingly simil ec 
: y with stress, LAP or corticoids. This s ar fo i 
correlation between the experimental and the spontaneous hte ee some 


As regards essential hypertension, without manifes i 
resin that insufficient attention has been a : 
lesions w ich are so characteristic of early LAP — or corticoid ee 
2 he absence of glomerular or arteriolar hyalinization does certataly aa 
: 3 oe pipe of blood-pressure is of extra-renal origin. It is a Rise 
: ge in experimental hypertension induced by LAP or corticoid, a 
oes not occur at all in the ‘“endocrine kidney’, the most active producer eC REE 


Cc : 
cn a pte of i renal artery by hydronephrosis, scars or tumors is an 
= i ae ° chee ee in man. The occasional occurrence of cases in 
i anges are of pathogenic importanc 
ae 2 p e, proves, however, that inter- 
nal circulation can elevate th 
: e blood-pressure in man j 
. it does in experimental animals." Hyperplasia of the vextadl cents 
pparatus is probably not of pathogenic significance or even of commo 
rence in hypertensive patients.°1”° ae 


pee rare bs most important pertinent morphologic data, it may be 
pees see bigs ° - ha ae in the pituitary, adrenal or kidney, which 
tension On eaiias ie utely characteristic and constant in clinical hyper- 
endertet Tobe: ad - re ek de kent ain that basophilic adenomas of the 
Bia nee ins ‘ne -cortical hyperplasia or tumors, adrenal-medullary tumors 
Eade eee produce hypertension in man. Such primary 
aaa Gaal on sean eae ee the adrenal or the kidney account only for 
aaniien a flue — fe of the hypertensive patients. However, in a large 
These also vane) i ss hab of milder, but qualitatively similar, changes: 
eehaatae cw ilic. ve Ae © pees experimentally produced by stress, LAP, 
factors determine ne ee idney”. If we accept the tenet that conditioning 
blood-pressure, it a" er or not the G-A-S produces a persistent rise in 
adaptation. ‘ e interpretation of hypertension as a disease 0 
PR Trcic of certain therapeutic procedures also gives us valuable 
ee oe i of hypertension. We have 
effica f et 2 role played by emotional strain and the well-know® 

cy of rest-periods gives further support to the view 


a 


510aaGoldenberg and Aranow B4787 - 510b Pox 
3108Castleman and Smithwick BotoOt a8, 5 ' 


that neurogenic 


HYPERTENSION 569 
5 


aie stress iS of great pathogenic significance.*" Recently, “progressive 
sUigxation methods” have been especially recommended for this reason.®!” 


veral investigators claim to have obtained encouraging results in a large 


Se a Fi 5 : 

ymber of hypertensives subjected to x-irradiation of the hypophysis. The 
neficial effect of this treatment has variously been ascribed to interference 

ih the hormone production of the posterior-*!* or anterior-lobe.*'* 

WwW f 


Possibly irradiation of the hypophysis interrupts, at the pituitary level, the 
f events elicited by stress during the G-A-S. However, since these 


chain OF - yet b fi 
sbservations have not yet been con rmed on a large scale, discussions con- 
cerning their interpretation are perhaps somewhat premature. ACTH-treatment 


(as Cushing's disease) tends to raise the blood-pressure in man.*!** This is 
Wee of the rare instances where ACTH and cortisone have been claimed to 
ayer opposite effects (cf. below). However, in the rat, cortisone may also raise 
the blood-pressure and the alleged antagonism between these hormones, in man, 


requires confirmation, under entirely comparable conditions. 


More or less extensive partial adrenalectomies have been performed on 
hypertensive patients, either with the view of diminishing adrenaline production 
or in order to inhibit an intoxication with excessive amounts of endogenous 
corticoids. A temporary fall of the blood-pressure has almost invariably been 
obtained, but this in itself is not of great significance since most major surgical 
operations are also effective. Prolonged remissions and permanent cures are 
comparatively rare.°15 Since after partial adrenalectomy, the remnant rapidly 
regenerates, it would be unwarranted to expect any consistent and lasting 
therapeutic effects from this operation. 

It is especially interesting, on the other hand, that bilateral complete adrenal- 
ectomy in a young woman led to a fall of the blood-pressure from 260/140 
to 110/80 mm.Hg. within four hours after the operation. Although, previously, 
the hypertension had been very severe and progressive with transitory episodes 
of encephalopathy and myocardial failure, in this case the remission persisted. 
At first it was necessary to give large amounts of cortical extract, but later 
the daily requirements dropped considerably. It is instructive that elevated 
pressures were observed after the operation only during brief periods of 
DCA-overdosage.*"* 

It is very significant that, while DCA greatly aggravates a pre-existing 
hypertension in man,°!®* cortisone exerts ‘a depressor effect on the resting blood- 
pressure of the hypertensive patients’’.°"7 Cortical extract can also prevent 
the rise in blood-pressure which would otherwise be produced by DCA in 
ndings agree well with observations on rats, in 


hypertensive men.*!8 These fi ; 
which cortisone was found to antagonize che, upentensize. aCSP® eal 
519 


under suitable experimental conditions: 
Interventions on the kidney are rarely jus i 
cures have been obtained in patients V 
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lateral renal damage (hydronephrosis, atrophy of one kidney, compres. 
of one renal artery by scar tissue, unilateral infections, etc.). Even Pression 
rare cases, the prognosis is favorable only if the diseased kidney jg a these 
at an early date before the other kidney is also implicated some suscce 
advocate a variety of other interventions, such as decapsulation of the kano 
attachment of the omentum to the kidney with a view o| iblishing oe 
collateral circulation, etc.; none of these proposals has fou iny followensttt 


proved to be 
} 
‘oreign-protein 


In a few hypertensives, anti-renin-containing kidney extra 
beneficial, but this may have been due to a non-specific 
effect’’.5?'* 


Especially interesting pertinent observations have bee: in connectio 
n 


with the dietary treatment of hypertension. It has long been known that 
overeating aggravates, while under-nutrition improves hypertension in Most 
cases.°2? ; 

Especially favorable results have been obtained with diets poor in sodium ; had hypertensive vascular 
and protein.®** Although in several series of observations the benefit to the Effect of rice diet in clinical hypetenles te a aicaean. eetions treatment: 
patient ‘was quite striking, it is astonishing how little attention the early disease “ida Mey nnd from 1940 ‘to 1946, digitalis, mercurials and sedatives (0.6 7 
reports received, merely because the treatment had no clear-cut rationale. syn ee tal daily). _ A. May 17 to 27, 1947; total Fale ae i eg ge 
The demonstration that ACTH production is enhanced by protein and the ae pressure 195 mm. of saline Raa oy oad sg ne shes Rigeaetuned 
vasotoxic action of corticoids by Na, has supplied an objective reason for the started on May beg ee erty en cde oane June 9, 1947. — B. September 15, 1947; 
use of these dietary measures and helped further logical experimentation along th May re, 214/148: weight 57.1 kg. There was a reauee Zs cot egane with change 
these lines. At present many types of Na- and protein-restricted diets are in in transverse diameter of 27%, in spite of persistence of high bloo Aaa NCecpmer BAS4T1/46:) 


current use, but most investigators insist mainly upon sodium deprivation. 

The much discussed “rice diet’ of Kempner *4 is poor in total calories, 
sodium and protein. In the form in which it was originally recommended, PK. 
this diet may lead to severe losses of body-weight, especially of tissue-protein °° 
and may impair renal hemodynamics.*** As the diet is extremely unpalatable, 
it has not met with much enthusiasm. However, from a theoretic point of 
view, it is interesting that such dietary restrictions may produce marked and 
prolonged remissions in hypertensive patients. Under suitable conditions, spec- 
tacular results may be accomplished, even without any loss of body weight, 
as illustrated by the adjacent pictures. 

It is of special interest, in connection with our approach to this problem, 
that addition of NaCl to the rice diet immediately raises the blood-pressure.” 
This clearly shows the important rdle of Na-restriction. It agrees with our 


. experimental observations on animals in which hypertension was produced } a \ ; 
A by systemic stress..LAP or corticoids since here, the pressor effect also largely \ : 
a *20 Carroll B45583/46, Dossot B44805/48, 52:@Bang et al. B45703/48, ~~ 
i Goldring and Chasis B38295/49, Crucilla B44590/47, | 
Linder B46505/49, Maitland B44656/49, Lichtwitz B46121/50, » / . 
Marcel B45700/48, Moore B46318/48, Lichtwitz et al. B46123/50, ; > 
Ratliff et a B43757/47, Raab B45766/48, Scott per 49, in Z aye 15TH 1948. AGE 59+ 
ahnan B24541/48. Soloff and Zatuchni . AP. 3R0 1946. AGE 56<- DIET. 
521 Lebon et al. B24207/47, 52¢ Behrendt and Burgess B44381/47. gn. DIET APRIL 47H 1946: AFTER 2% YEARS ON RICE ; 
Palmer 95299/46. Kempner B38002/44, B740/45. a ‘The patient ate one. pound a he 
5218Porge B46063/49. B4216/46, B45953/49. Effect of rice diet in severe hypertensive heart disease. "Gver 7 kg. during seven months 
522 Adlersberg et al. B36114/46, Kempner et al. B43408/48, (dry weight) and one pound of dextrose daily gaint any dian the 
Cecil A63152/43, de Langen B45435/47, Lichtwitz et al. B46122/50. in spite of the edema. There was @ great 
Musser 88056/45, Palmer 95299/46, Rosenberg et al. B43407/48. heart and sued to gain weight 
Volhard B46392/49. 525 Schwartz and Merlis B26403/48. : 
823 Allen and Sherrill 40804/22, 26 Chasis et al. B33406/49. 
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ged upon the NaCl-intake. Several investigators pointed out that Na- 
not in itself is often beneficial in hypertension.528 

ensive studies in which TEA was used to separate the nervous from 

E moral component (see below), led to the following conclusions con- 
the ” the mechanism of the Na-effect: “(1) That in some patients with 
cerning hypertension and only moderately impaired renal function, the intpors 
essen be eage during sodium deprivation may be lessening of the humoral con- 
tant - to the maintenance of an increased peripheral resistance. (2) That 
Bier patients with malignant hypertension, renal failure, or both, an appar- 
a jarge humoral component in peripheral resistance may be uninfluenced by 
en cen greater degree of sodium depletion’’.5*® This would appear to be in 
soreement with the fact that the RPS-component of hypertension is uninfluenced 
py sodium depletion as we have said when discussing the blood-pressure eleva- 
tions caused by the “endocrine kidney”. 

The use of commercially available “salt substitutes’ should be strictly super- 
yised since many of them are dangerous. Thus lithium chloride, given instead 
of NaCl, is definitely toxic, especially on low-sodium diets. 

Dec. 8th 1945 RIGHT May 5th 1947 In order fo facilitate sodium depletion in clinical practice, mercurial diuretics 


(e.g. mercupurin) have been administered to patients kept on a comparatively 
low sodium intake.°** Simultaneous examination of blood-uric-acid, eosinophil 
and lymphocyte responses as well as 17-KS and corticoid elimination studies 
suggested: “that the decline in blood-pressure, which follows accelerated 
sodium depletion, is associated with a temporary alteration of corticoid func- 
tion”.°82 Oral ingestion of cation-exchange-resins is also useful in inducing 
an accelerated sodium depletion because these substances interfere with the 
absorption of Na by the intestine.*** However, this procedure may lead to 
dangerous electrolyte depletion unless it is very carefully supervised.°*4 

Since the nephrosclerosis and hypertension caused by DCA are effectively 
prevented by ammonium chloride ingestion, this substance was administered 
to hypertensive patients in the form of enteric-coated pills. The results were 
generally rather satisfactory, although it would be premature to draw definite 
conclusions.**° Unfortunately the coatings of many commercial preparations 
of this kind are not adequately dissolved in the intestinal tract; this should 
always be kept in mind when ammonium chloride is used.°*° 

Much has been written about the supposedly detrimental effects of various 
condiments (pepper, mustards, ginger, etc.) in hypertensive patients,°°7 but 
this is perhaps debatable. It must be kept in mind that those who indulge in the 
use of highly spiced food, usually also like to employ a good deal of salt. 


Dec. 8th 1945 


ay Ie 3 i eS = = 
LEFT May 5th 1947 ™ Allen and Sherrill 40804/22, Rosenberg tees 
Effect of ri in clini ‘ ant and Blecha 20/47, 529 Stead et al. is 
disease ota en ogee, Rypiteton. 38-year-old male who had hypertensive vascular Contratto and Rovers B24/ 13/48, 580 Corcoran et al. B40148/49, 
salt diet. December 8 te. 20, as oe He was previously treated with sedatives and low- Greenfield B36362/49, ‘ Waldron B45300/49. 
PSP-excretion in two ho ae blood-pressure, average, 216/132; EKG T, inverted; total Tollman B44382/46,  * 531 Megibow et al. B31705/48. 
strictly followed (28-55 ae Cl o. Rice diet was started, December 13, 1945, but was not rollman et al. B777/45, 582 Megibow et al. B33427/49. 
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An observation which is somewhat difficult to interpret ai the asi 
is the alleged curative effect of vitamin-K in essential hypertension bres time, 
firmed, this finding may throw some light on the pathogenesis OF ie It Con. 
but up to the present, only few patients have received such treaiyane disease 


In some hypertensives capillary fragility is augmented. This me 
be corrected by “vitamin-P” (rutin and other flavonols), but within 
uously diminishing the incidence of cerebral vascular accidents 
and there is no reason to suspect that deficiency in “‘vitamin-P”’ 
tant réle in the pathogenesis of hypertension. 


It would not be within the scope of this volume to discuss the extene: 
literature concerning the results obtained in the treatment of h ypertension aa 
the various techniques of more or less complete sympathectomies. Suffice pis 
say that extensive destruction of the sympathetic nervous system often i “ 
nishes the blood-pressure level, especially in those hypertensives in whom ae 
disorder is presumably of neurogenic origin.*4° It is much debated to wh ; 
extent denervation of the kidney (elimination of local vasoconstriction, whj i 
could cause a ‘‘renal type’ of hypertension), the adrenals (elimination Be ads 
ergic hormone discharge from the medulla), and of the peripheral vessels 
(diminution of peripheral vascular resistance, due to generalized nedrogetile 
vaso-dilatation), participate in the effects obtained. Especially after total a 
subtotal sympathectomy, the results were often satisfactory. However, these 
operations considerably impair the functional capacity of the vascular system 
and can only be performed by skilled surgeons. Hence, this approach to the 
therapy of hypertension hardly lends itself to use on the large masses of the 
population who require treatment for this disease. 


at times 
COnspic. 
OF retinitis 539 
plays an impor. 


When the blood-pressure rises as a result of increased intra-cranial pressure, 
cerebral decompression may be useful, but it is not without danger. Hence, 
denervation of the splanchnic-bed has been recommended to abolish or minimize 
the orthostatic pressor responses and thus protect the cerebral circulation.5 


Various autonomic drugs have been used to abolish the nervous factor in the 
pathogenesis of clinical hypertension. Ergot derivatives are among the most 
intensely studied sympatholytic agents, hence they received special attention 
in this connection.” With dihydroergotamine remarkable results have 
apparently been obtained in hypertensive patients who did not respond to any 
other form of therapy.°## Dihydroergocornine depresses the blood-pressure, 
both in normal and in hypertensive individuals, but the mechanism of its action 
has not yet been clarified.*44 In man it diminishes only slightly the effects of 
adrenaline on blood-pressure and heart rate.°4? These observations have sub- 
sequently been confirmed on a series of young hypertensives and it was pointed 
out that since the drug possesses both “sympathicolytic and adrenolytic actions 
the above observations indicate that sympathetic nervous system activity may 
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Pie to. the establishment of early hypertension”. The renal clearance 


; = patients revealed normal kidney function.546 

spenamine, another sympatholytic and adrenolytic drug, has also been 
Di ded for the therapy of hypertension." A “reduction to normal or 
normal levels in resting arterial blood-pressure was observed only in 
Baar moderately advanced essential hypertension, but not in the malignant 
mild © The usefulness of dibenamine in evaluating the neurogenic component 


ie pertension has been especially emphasized.48 
in Be nor-adrenaline as well as adrenaline appear to play a réle in hyper- 


— at least in that caused by pheochromocytomas — it is of interest that, 


nsion F 1022) 2a = 
e Lon benzodioxane (933F) inhibits hypertension due to nor-adrenaline much 
in ve than corresponding animal experiments had suggested.*48« 
mo 


TEA elicits a marked fall in blood-pressure in certain cases. It has been 
stated that “in these hypertensives, neurogenic hypertonus may be a significant 
factor, since it would appear that blocking autonomic pathways with tetra- 
ethylammonium produced not only a fall in blood-pressure, but also partial 
release of the increased renal-arteriolar constriction, which is characteristic 
of the hypertensive state.**° TEA appears to act primarily due to its blocking 
effect upon the autonomic ganglia. It diminishes the tonus of the urinary blad- 
der, the normal gastrointestinal peristalsis as well as gastric, salivary and sweat 
secretion. These and other toxic effects make it appear impractical to use the 
drug for the routine treatment of hypertension, but it is interesting from a 
theoretical point of view, that TEA causes a transient fall in arterial blood- 
pressure and has relieved many of the complicating symptoms of hypertension. 
In view of its specific effect upon the autonomic nervous system, it has also 
been recommended particularly for the estimation of the neurogenic component 
in individual cases.°°° 

Anti-histaminic drugs (e.g., pyribenzamine), allegedly exert a beneficial effect 
upon the albuminuric hypertension of pregnant women.** This is reminiscent 
of the inhibition, by anti-histaminics, of some DCA-overdosage effects (cf. 
p. 532). 

Potassium thiocyanate has been widely recommended in the treatment of 
hypertension. In general, the best results were obtained in the quiescent phase 
of benign hypertension. Headache and dizziness showed the most conspicuous 
improvement. Toxic effects were rare, but the response in malignant hyperten- 
Sion is usually poor.551 

Adenylic nucleotide treatment of hypertension has been recommended, to 
Supply energy to the cardiovascular musculature. The allegedly encouraging 
tesults require confirmation.>°!” 
of Ertensive studies concerning the effect of various pyrogens (especially those 

acterial origin) suggest “that the malignant phase of hypertension ey. be 
“versed by repeated injections” provided renal function is adequate.**? Since 
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all kinds of damaging agents tend to decrease the blood-pre 
hypertensive patients, this may well be a “non-specific { 
Further investigations will have to show to what extent. if 


SSULe, espe; 


herapy eect ssa, 
any, such a 


by normalizing a deranged corticoid production or an abnormal] “conan act 
of corticoid actions due to alterations in intermediate metabolism. lace pie 
to assess the mechanism through which pyrogens, sterile abscesses, ete Mies 
experimental renal hypertension in animals, it has been pointed one Ri 
“tissue injury is known to be a stimulus for an alarm-reaction ‘liciting Fi at 
tions in pituitary adrenocorticotrophic and adrenal corti: oid : era 


resulting effects upon protein, carbohydrate and mineral me; 
as upon vascular reactivity, may be of prime importance in the Jenesis of th 
vasodilatation which results in return of the blood-pressure to normal values” ne 

Hypotension. ~ The pathogenesis of orthostatic (postural) h 
still very incompletely understood. However, the often 
improvement obtained with DCA *52 suggests that inadequate 
tion may play a rdle here. 


abolism, as wel] 


ypotension is 
very Pronounced 
corticoid-produc- 


Cardiac diseases. — It is of course quite impossible to delimit the “cardiac 
diseases” sharply from the other cardiovascular derangements discussed in this 
section. Nevertheless, it seemed expedient to discuss some predomina 
cardiac derangements, especially the non-specific inflammations of the h 
and congestive cardiac failure, under a separate caption. 

Ample experimental evidence has shown that stress and overdosage with 
various hormones, which are produced during stress, can cause characteristic 
morphologic changes in the heart. Thus LAP, mineralo-corticoids and RPS 
all elicit a type of myocarditis very similar to that seen in acute rheumatic fever 
or periarteritis nodosa. This is often accompanied by thrombosis of the coronary 
arteries and the formation of infarcts (cf. above). 

It is of special interest that purely nervous stress (e.g., irritation of animals 
with the electric current) is particularly effective in causing similar cardiac 
lesions. From this it was concluded that cardiac infarcts, hyalinosis and even 
angina pectoris should be regarded as diseases of adaptation.°5* 

Certain clinical observations also suggest that cardiac lesions may be the 
consequence of a derailed G-A-S,.*4 Most of the pertinent publications are 
based on the study of anatomic lesions such as non-specific carditis (cf. below) 

but even functional derangements may fall into this category. Thus in patients 
with chronic congestive heart failure, there may develop a clinical picture very 
similar to that observed in surgical or hemorrhagic shock.®* While of course 
here the manifestations of stress are largely secondary to the heart disease, 
certain components of the resulting G-A-S may in turn aggravate the circulatory 
derangement. The resemblance of the clinical manifestations of cardiac failure 
with those of addisonism, lead to the assumption that the former causes a state 

of relative hypocorticoidism,5%" f 
Several investigators expressed the view that the increased incidence ° 
coronary disease in modern times is largely due to the stresses and bie 
inherent in present day life 6 and in particular to derangements of the G-A- 
—— 
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; In such instances, it is doubtful w 

mechanis cardiac disease. “Clinicians have com 

- terms of a disturbance in the total econ 

more 10 yerwhelming of the efforts of the org 
0 


hether one should speak of a 
€ to think of disease more and 
Omics of the personality, a tem- 
anism to maintain a continuous 


ey and external adaptation to continuously changing relationships, threats, 
interna instinctual needs and reality demands”, Many a so-called cardiac 
pressures: jn reality due to such maladaptation and the question has been asked 
disease ie diagnosis '1 2 patient who has coronary Symptoms whenever he 
Ee his wife toa party: 2” 
takes 2 s types of myocarditis, especially the “rheumatic-allergic” variety have 
DS acced elsewhere as possibly due to derangements of the G-A-S. From 
been as oint of view it is interesting that severe, diffuse myocarditis ensues 
e Be requently in combination with war-nephritis, under conditons of severe 
ra 


e878 The anatome literature concerning this type of change is reviewed 
ee ian diately following paragraphs. 
in the imme : : 

More objective evidence in favor of the G-A-S concept can be derived from 
he pathologic anatomy of heart disease. It has been emphasized that various 
aa st endocarditis, myocarditis and pericarditis have much in common with 
DF ardiac lesions of acute rheumatic fever and are in essence phenomena of 
“serous inflammation’. ‘They depend largely upon a derangement in tance 
permeability which permits the transudation of edema fluid into the speach ar 
spaces with consequent organization of the transudate into a granuloma.® 

The hyalinizing myocarditis of rheumatic fever, is often accompanied - 
the formation of granulomatous nodules containing eile Aschoft cel Ss, 
hyalin deposits and thromboses of the coronary arteries. _This Lagi is 
especially reminiscent of the lesions produced by mineralo-corticoid over — 
in animals. Significantly, latent rheumatic myocarditis is not an exceptiona 
cause of cardiac decompensation even in older persons.**? 

A variety of infectious diseases (malignant diphtheria, scrub typhus, bacterial 
endocarditis, meningococcal septicemia, typhoid, peritonitis, croupous erie 
monia) and intoxication, particularly with allergenic poisons Ray “ 
namides) may produce an anatomically quite similar myocarditis. .. t — : 
the typical Aschoff nodule, with characteristic polynuclear giant cells, 4 ~ is 
Pathognomonic of acute rheumatic fever, there are many athe jee — 
between the typical rheumatic myocarditis and the so-called pos pone we 
myocarditis”,°°2 the “allergic myocarditis” *** or “non-specific atc ag a 

€ structural similarity between these myocardial mies an hor 
mentally produced in animals by corticoids has repeatedly een a ie. 
It is also noteworthy that in various infections and intoxications, the 


3 eae e. 
ations of myocarditis tend to become evident after the acute period of damag 


Te will be recalled that following continuous over 
rticoids or RPS, such myocardial lesions als 
erved facts” 


n LAP, mineralo- 
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pathology, the development of corresponding changes could be enhan 

excess corticoid production in response to the systemic stress of infeeun al b 
intoxications. Thus, hyperactivity of the pituitary-adrenal-kidney aie and 
well be that common pathway through which so many different iene Se 
agents produce fundamentally similar cardiac lesions. Sig; ificantly bee 
clinical and the experimental myocarditis are often accompanied by prea the 
morphologic changes in the kidneys. 7 ~~ 

The often extraordinarily pronounced adrenocortical chaiges, 
with chronic cardiac decompensation,*** also suggest that corticoids may modif 
the clinical symptomatology rather significantly. Such adrenal « hanges are Ke 
specific for heart disease. However, the fact that they are so prominent re 
is in itself strong evidence indicating that the adequacy of an adaptive coreg 
response probably influences the course of this malady, which depends so much 
upon target organs (cardiovascular system, kidney, electrolyte and water meta- 
bolism) largely controlled by corticoids. 

Metabolic studies on patients with heart disease likewise gave some 
evidence concerning the pathogenic réle of the G-A-S. In chronic congestive 
heart failure — especially in the so-called ‘forward failure’ — the derange- 
ments in electrolyte metabolism are rather reminiscent of those caused by 
mineralo-corticoid intoxication."*’ The view has been expressed “that sodium 
retention in heart failure may be as complex as the body mechanisms for 
sodium conservation in the adaptation of the body to various situations, In 
fact it appears likely that heart failure may simply result in a prolonged exag- 
geration of these phenomena which occur in daily life’. It appears that the 
adrenal-cortex may play a réle in the sodium retention of advanced heart 
failure.**’ Studies with radio-sodium revealed that the clearance of the tracer 
element from the blood is considerably delayed in congestive heart failure.** 
It remains to be seen whether this is actually due to increased mineralo-corticoid 
activity. 

Although in congestive heart failure there is a retention of both NaCl and 
water, it appears that the retention of water exceeds that of salt “with a resultant 
dilution of extracellular fluid, suggesting an extra-renal influence on water 
retention, probably coming from the posterior pituitary’’.°°8 In normal indi- 
viduals artificial congestion of the limbs by blood-pressure cuffs is followed 
by marked antidiuresis a few minutes after release of the tourniquet. At the 
same time, renal plasma-flow (PAH), filtration rate (inulin, mannitol) and 
the excretion of Na, K and Cl are reduced. Similar changes are noted in hypet- 
tensive patients both before and after lumbo-sacral sympathectomy, hence it 
was concluded that a disturbance in renal circulation may play a major role 
in the pathogenesis of congestive myocardial failure. ‘‘Since these changes 
persist after sympathectomy, they are possibly mediated through humoral 
mechanisms ’’.*6° 
F The urinary-corticoid excretion (survival test and glycogen-deposition test) 
is increased in patients with congestive heart failure. Since the liver is involv 


in patients 


in the detoxification of steroids and most of these patients had enlarged is ; 


the possibility was considered that failure of hepatic detoxification ™ 
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Jved. It was also pointed out that excess corticoid excretion is characteristic 
wc AS produced by any stressor including anoxia or hyperventilation both 
of a ch are manifest in patients with heart failure. Hence “the increase in 
of i ae found in this study possibly represents adaptation to these non- 
cortico! ]i’.57 In this sense, the derangement in sodium metabolism would 


ific stimu ; amt cathe 
aan to be regarded -condary to increased corticoid production, just as the 


Semeiereetons in the heart ame supposed to be consequences of excess 
ticoid secretion. 


Se oacsays suggest tha: the heart contains an excessive amount of adrenergic 

bstances in cases of angina pectoris and hypertensive or uremic heart disease. 
Thi may be accompanied by excessive accumulation of sodium in the heart 
Bete, due to an increased activity of the adrenal-cortex."” It would be most 


interesting to verify these findings on a large autopsy material as they suggest 
that both corticoids and adrenergic substances participate in the pathogenesis 
of these types of cardiac failure. 

The renin content of the renal venous blood is allegedly increased in patients 
with chronic heart failure.* It has also been claimed that excessive amounts 
of VEM are present in the renal-vein blood during chronic congestive heart 
failure and that VDM activity is demonstrable in the hepatic blood of all 
cardiacs, but almost never in normal controls. This was interpreted as an 
indication that the VEM-VDM mechanism is deranged in these patients.5"* 

All these observations imply that vasopressin, adrenal (cortical and medul- 
lary) and renal hormones participate in the pathogenesis of cardiac failure. 
Since these hormones play important réles in the regulation of the G-A-S 
mechanism, it is suggestive to assume that cardiac failure is, at least partly, 
also a disease of adaptation. 

Since cholesterol feeding tends to produce arteriosclerotic lesions in animals 
and corticoids exert an important effect upon the blood-cholesterol level, it is 
interesting that coronary thrombosis in patients under the age of sixty is fre- 
quently associated with hypercholesterolemia and other disturbances of cholest- 
erol metabolism.*74 It remains to be shown, however, whether these derange- 
ments and the coronary lesions are actually related to the changes in corticoid 
production. Recent studies, based upon ultra-centrifugal flotation diagrams, 
suggest that both in the experimental cholesterol atherosclerosis of the rabbit, 
and in the spontaneous atherosclerosis of man, the cholesterol is transported in 
the serum via giant lipid- and lipoprotein-molecules of low density.**** 

It is a well-known fact that sodium restriction is beneficial in the treatment 
of cardiac edema, especially if simultaneously, large amounts of water are given 
to help the elimination of Na.®™ The efficacy of this measure may be increased 
y treatment with cation exchai which interfere with the absorption 
of Na from the alim t : tion of ammonium chloride 
and mercurial d on and thus diminish 
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the edema tendency. Since similar measures also combat the cardions 
manifestations of corticoid intoxication, it is reasonable to suspect hee 
corticoids play a part in cardiac edema. Here again it should he em es the 
however, that toxic sodium-substitutes such as lithium,®7* ancl , essiveganel 
depletion (e.g., by severe salt restriction and simultaneou: dina pais 
mercurial diuretics),°""” may cause serious complications. ek 
Thioureas proved beneficial in many cases of congestive | 
angina pectoris.“ This is of special interest in connection 


} 


art failure and 


ith our pr 
since thyroid hormone markedly sensitizes experimental aniniils to hewn 
effects of mineralo-corticoids upon the cardiovascular System and the ne i 
y. 


X-irradiation of the adrenals has been recommended jn (iy, treatment 
angina pectoris.°7* In this case, it is not clear to what exter diminution : 
corticoid or adrenergic hormone production is involved and indeed the effic ‘ 
of the procedure has not yet been confirmed on a large material. ce 

The alleged utility of vitamin-E therapy in the treatment of he 
not yet been definitely confirmed.*7® 

Arteriosclerosis in general. — Arteriosclerosis is a much used but ill-defined 
term. The following are a few examples of attempts to give a definition: 


“Abnormal thickening and hardening of the walls of the arteries, especially 
of the intima, occurring mostly in old age” (Webster's dictionary). 

“A condition of loss of elasticity and thickening of the coats of the arteries 
with inflammatory changes, degenerative or productive”.5* 

“Arteriosclerosis is the term in most general use for that disease of the 
arteries which leads to their loss of elasticity, and changes in the appearance 


and structure of the intima and other coats which lead to dilatation and 
deformity of the arteries’! 


“Arteriosclerosis may therefore be defined as a progressive and irreversible 
affection of the arteries in which hyperplasia of one or more of the structural 
elements is a primary reaction with deposition of lipoids, collagenous tissue, 
hyalin and calcium as a secondary reaction, the totality of both components 
pec rg in thickening, dilatation, deformity and loss of elasticity of the 
walls”. 


Hueper ** speaks of ‘‘the degenerative and sclerosing arterial diseases known 
under the collective term of arteriosclerosis”. 


Boyd 54 states that: “it is as if all the conditions which may produce a 
localized swelling of bone were grouped under one name and an attempt then 
made to discuss the etiology and pathogenesis. Accordingly we shall not con- 
sider the general condition known as hardening of the arteries but the subject 


will be divided into three sections: atherosclerosis, Ménckeberg’s sclerosis and 
diffuse hyperplastic sclerosis”, 


Bishop ** in his monograph “Arteriosclerosis” came to the conclusion that: 
we know arteriosclerosis as familiarly as we know any person of our acquaint- 
ance, but of all diseases it most eludes definition.” 


art disease has 


“a 
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In the present section we shall deal principally with atheromatosis (pre- 
n 


‘nantly fatty deposits in arterial walls), atherosclerosis (atheromatosis with 
ant d sclerosis), and problems pertaining to arteriosclerosis in general. A 
grec ecial types of arteriosc lerosis such as periarteritis nodosa, thrombo- 
few §P obliterans, endarteritis obliterans, etc., will be discussed in separate 
angiitis below; not because we regard them as essentially distinct from the 
ec. roup of the arterioscleroses, but merely because the rather characteristic 
ee ie ic features of these arterioscleroses have given rise to a special 
Be concerning ich variety. It should also be noted at the outset that 
Poe is a gradual transition between many of these types of arteriosclerosis and 
a iowvalled rheumatic allergic connective tissue diseases or “collagen diseases”, 
perhaps because in all these derangements increased capillary permeability and 
hyalinosis are of primary importance. Accordingly, these maladies will be 
discussed synoptically here. 

Experimental data have shown that various stressors, LAP, adrenergic 


substances (e.g., adrenaline) corticoids (e.g., DCA, desoxocortisone) and 
RPS can cause widespread arteriosclerotic changes in the vessels of animals. 
These observations led to the hypothesis that arteriosclerosis is also primarily 
a disease of adaptation.**’ Presumably stressors cause vascular lesions through 
the hypophysis-adrenal-kidney system as well as through the sympathetic- 
adrenomedullary system. The structural characteristics and the distribution 
of the resulting vascular changes are of course largely dependent upon 
heredity, diet, specific actions of the stressors, as well as the acuity and intensity 
of the stress situation. Such conditioning factors may well determine whether 
the vascular lesions will be mainly characterized by the deposition of one or 
the other storage material (hyalin, lipids, calcium), the proliferation of a cel- 
lular granulomatous or dense scar-like connective tissue, etc. In view of the 
important effect of corticoids upon the development and healing of inflammatory 
tissue and the R.E.S. — in patients with cardiovascular lesions caused by 
systemic infections — even the growth of micro-organisms may largely depend 
upon the G-A-S mechanism. 

Numerous clinical observations agree with the interpretation of arterio- 
sclerosis as a disease of adaptation. Thus the incidence of arteriosclerosis 
appears to be definitely higher among individuals exposed to much stress and 
Strain than in the population at large.°8? Extensive statistics show, furthermore, 
that in this age of wars and hard competition arterial disease is the leading 
cause of death in “‘civilized’’ countries.®*% 

Among the pertinent metabolic studies, let us merely mention that athero- 
sclerosis is frequently associated with hypercholesterolemia and other disturb- 
ances in cholesterol metabolism,**® a fact which agrees with the experimental 
observations showing that excessive feeding of cholesterol can produce arterio- 
sclerotic changes in animals. 7 
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hormones which under the usual laboratory conditions are especially amen 

to hyalin infiltration of the vessel wall may under certain circumstances (¢ Cive 
the presence of a disturbed lipid metabolism) favor the deposition of chatan in 
and other lipids in these same regions. The finding that genetic face ee 
an important réle in determining the blood-cholesterol level °°! may ches pe 


light upon the hereditary predisposition of certain people to the develo 

of arteriosclerosis. Puens 
Any study concerned with the relationship between cholestero] metaboli 

and arteriosclerosis must also take into account the cholesterolijtic pow 

the blood. This was found to be low in patients with arteriosclerosis, eqpetbaie 

coronary sclerosis.” y 
Systematic fibrinolysin determinations have not yet been made on the blood 

of arteriosclerotic patients, although, a deficiency of this enzyme may well 


result in abnormal deposits of fibrinoid “hyalin” material with the subsequent 
formation of arteriosclerosis.°” 

Since sodium plays such an important réle in the production of arterioscler- 
osis by mineralo-corticoids, it is of special interest that using radioactive 
sodium as a tracer, the diffusion of intravenously administered sodium salts 
was found to be delayed in patients with non-specific arteritis, endarteritis 
thrombo-angiitis obliterans and scleroderma.** E 

The extensive morphologic studies concerning the histogenesis of arterio- 
sclerosis led to rather conflicting views regarding the mechanism through which 
lipids, hyalin and calcium are deposited in the vessel walls. While some 
authors believe that these materials infiltrate into the depot layers through 
the intima (either as such or in lipophages), others consider it more probable 
that they arise locally. Of course, even in the latter case, the products from 


which such depot materials would arise must, in the final analysis, come from 
the blood. 


Virchow ** postulated, almost a century ago, that the primary lesion in 
arteriosclerosis is a ‘certain swelling of the ground-substance”’ of the arterial 
wall with a loosening of the intima and consequent penetration of blood-plasima 
into the sub-intimal spaces. This view is in conformity with modern concepts 
concerning the pathogenesis of “serous inflammation”’.®®7 It also agrees well 
with morphologic observations on the histogenesis of the arteriosclerosis caused 
by mineralo-corticoids or RPS and helps to understand the fundamental simil- 
arity between these and the extra-vascular manifestations of ‘“hyalinosis’’. 
Indeed, certain investigations suggest that “dysoria” (plasma infiltration into the 
intima) is an “indispensable prerequisite for the development of intimal 
sclerosis”’.°7 
Data concerning the therapy of arteriosclerosis are still far too scanty to 
yield much information concerning the pathogenesis of this disease. Some 
improvement has allegedly been obtained with testosterone,®’ but this has 
never been very striking. The much more promising possibility of treatment 
with gluco-corticoids has not yet been investigated. 
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On the other hand, the same dietary factors which interfere with the pro- 
A: experimental arteriosclerosis also appear to exert a beneficial effect 
Se che spontaneous arteriosclerosis of man. Thus, a particularly high 
aan ce of severe atherosclerosis is found in obese persons at necropsy, 
pisien™ people who suffered from prolonged undernutrition, such changes 
while _ rare. Even among patients who lost weight only during a com- 
are hate short period prior to death, the arteriosclerotic changes tended to 
Sid. “Tt is inferred, therefore, that significant resorption of previously 
eed atheromatous lesions may occur during periods of marked weight loss.”** 
Statistical studies reveal, furthermore, that during wars — presumably as 
a result of undernutrition — the incidence of arteriosclerosis is considerably 
Jower than in peace (1"" In this connection, lack of cholesterol, protein and 
total calories appear fo be of particular protective value. 


Since lipotropic factors tend to prevent experimental atherosclerosis, it is 
interesting that “over a 3-year period the lipotropic agent choline was effective 
in significantly reducing the mortality rate, due to recurrent coronary throm- 
bosis with myocardial infarction, in a series of 115 patients with proven coronary 
atherosclerosis’’.°°°* 

In obliterative arteriosclerosis of the peripheral vessels, sympathectomy is 
often of great benefit.°°' Presumably, this is largely, if not entirely, due to 
elimination of the vasopressor nervous influences; it remains to be shown 
whether the improved nutrition of the denervated areas affects the underlying 
morphologic process itself. 

Periarteritis (polyarteritis) nodosa. — Among all the vascular diseases, 
periarteritis nodosa has been most accurately and most consistently reproduced 
in experimental animals by stress, LAP, mineralo-corticoids and RPS,°°? 
hence, it was one of the first maladies which we considered to be a disease of 
adaptation.* As previously stated LAP, unlike the other hormones mentioned 
above, tends to cause marked periarteritis only in the heart, presumably because 
it stimulates the secretion of both mineralo- and gluco-corticoids. It will be 
recalled that the latter tend to inhibit the formation of periarteritis especially 
outside of the heart.°* 

Many clinical observations tend to support the interpretation of peri- 
arteritis nodosa as a disease of adaptation. Most of the monographs concerning 
this disease emphasize that rheumatic fever, allergies, infections, intoxications 
and a variety of other stressors may act as the eliciting agents. Allergic reac- 
tions to foreign sera, various micro-organisms, sulfa drugs, etc., are particularly 
prone to produce periarteritis nodosa. It has even been claimed that peri- 
arteritis nodosa, endarteritis obliterans, thrombo-angiitis obliterans and arterio- 
pone are not separate nosological entities but “different stages of the same 
F €umatic process’. It is rather questionable whether we chould extend the 

efinition of a “rheumatic process” to include all these vascular diseases, but 
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perusal of the pertinent publications clearly shows that this group of maladie 
and even malignant hypertensive nephrosclerosis ®* has long been considered 
to be closely interrelated and presumably dependent upon essentially the sam 
pathogenic mechanism. The possible réle of the G-A-S mechanism, in he 
development of clinical periarteritis nodosa, is strongly suggested by these 
morphologic similarities.°°™ 

It should be clearly emphasized, however, that up to the present time, the 
ACTH, corticoid or RPS metabolism has not yet been studicd in patients 
with periarteritis nodosa. Of course the actual eliciting agent (e.9 . an allergen) 
does not necessarily affect the vessels through the pituitary ~adrenal-kidney 


system. It is quite possible that the pathogen acts upon the vessels directly 
although it depends upon the efficacy of the hormonal defens« mechanism 
whether this action will lead to the formation of periarteritis. In certain animal 
species mineralo-corticoids or RPS in themselves suffice to produce typical 
periarteritis nodosa, but perhaps here potentially “vasotoxic factors” are con- 
stantly present although their damaging effect upon the vessels becomes mani- 
fest only in the presence of an excess of mineralo-corticoids or RPS. To 
illustrate these possibilities, let us recall again that neither gluco-corticoids nor 
mineralo-corticoids as such, exert any prominent and constant effect upon the 
joint structures, yet, they are highly effective in decreasing or increasing, 
respectively, the inflammatory response of the joints to some locally injected 
irritant such as formalin.°°’ Of course these same possibilities should be con- 
sidered in the interpretation of most other diseases of adaptation as well. In 
general, the diseases of adaptation are not due to a deranged hormone pro- 
duction as such, but to an abnormal humoral response to stressors. Hence, 
both the hormones and the stressor must be regarded as important pathogenic 
factors in the development of such maladies. 

The pathologic anatomy of periarteritis nodosa reveals that not only the 
histologic structure of the individual lesions resembles the changes experiment- 
ally produced by stress, LAP, mineralo-corticoids or RPS; their distribution is 
also strikingly similar in the experimental and the clinical syndromes. Thus, 
in both instances, the renal, splanchnic, cardiac and cerebral arteries tend to 
be most severely affected and whenever the kidney vessels are markedly 
involved, the blood-pressure usually rises. Several students of this problem 
emphasize these similarities between the hormonally produced experimental 
and the clinical disease.* It is particularly interesting that in clinical cases 
of periarteritis nodosa the granuloma is very cellular and contains much hyalin 
material during the active stage, while in the course of healing, the cellularity 
of the granuloma greatly diminishes and a scar-like dense connective tissue 
layer is found beneath the intima.*!9 Such arterial scars greatly resemble 
those seen in rats in which periarteritis changes, produced by DCA, were 
subsequently treated with cortisone.!! 

Since it is possible to produce periarteritis nodosa with hormones of the 
pituitary, adrenal and kidney, it is interesting that these organs are frequently 
affected in patients suffering from this disease. In the pituitary and adrenals, 


“07 Davson et al, B29817/48, tiol an tas B29886/48. 
PO iia ell eel end paete 

ackemann B27677/48, Selye B12 4 
"08 Selye B39702/49. 4 tig 


09 Finger and Vitk B44477/48, 610 Hutchis. 


B38489/49, 
, B29949/49. 
mann and Delaunay B38147/47, 811 Selye eet eas 


PERIARTERITIS (POLYARTERITIS) NODOSA 585 


eaaily both proliferative and destructive changes may occur; this is not 
ted, since mineralo-corticoids increase, while gluco-corticoids decrease, 
‘lop periarteritis. Accordingly, in some patients with 

fo anterior-lobe or adreno-cortical hyperplasia, peri- 


unexpec i 
the tendency to dé 


Cushing's disease, du‘ 


itis-like vascular lesions may appear and nephrosclerosis is quite common.*!* 
epen* ely, in some ca of periarteritis nodosa, the pituitary and/or adrenal 
Ee ad to be hypoplastic or necrotic.“% It is possible that in the former 
ee ces an excess of mineralo-corticoids, in the latter, a deficiency in gluco- 
in 


nsitizing factor. Of course in the event of necrotic 
adrenals, the possibility must also be considered 
ly the result of local periarteritic changes and not their 


corticoids acted as 
changes in the pituit 
that these may be n: 


use. This same consideration applies to the rather common nephrosclerotic 
ause. bs : i 
fences in patients periarteritis nodosa. Here again the lesions in the 
c : ; 

kidney can be either the cause or the result of the primary disease process. 


Curative effect of cortisone upon experimental periarteritis nodosa produced by DCA, —~ 
Periarteritis nodosa in a mesenteric artery of a rat overdosed by subcutaneous implantation 
p, {Wo 30 mg. pellets of DCA. The animal was sensitized by unilateral nephrectomy and a 
high-Na diet: it was killed on 31st day of treatment. Note marked hyalin deposition under- 
neath the endothelium and intensely cellular, proliferating granuloma, which disorganizes the 
Vascular structure, B. § 5 ec : ich DCA overdosage was continued 
© weeks longe ks it also received 5 mg./day of 
on 1 ‘ is healing. 
has been 


—_ 
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Obviously, further anatomic research is required in order to elucidate th 
complex interrelations between the hypophysis-adrenal-kidney system ne ese 
development of periarteritis nodosa. the 
Much has been written about the therapeutic value of partial! aq; enalecto 
x-irradiation of the adrenal region, and denervation of the adrenals " my, 
arteritis nodosa.*'* Most of these interventions were performed with PeMe 


; a view 
to inactivating the adrenal-medulla which was held responsible {1 such ania 
lesions by some of the earlier investigators. Although a few \orkers date 

m 


to have obtained some improvement, the data were not convinci): 


Effect of ACTH upon periarteritis nodosa, in man. — A. Before treatment. Marked periarterial 

and muscle infiltration with lymphocytes and eosinophils. Fibrinoid necrosis of arterial wall. 

Ps B. Evidence of healing, four days after ACTH administration. Note disappearance of 

eae ‘tena the cellular infiltrations are decreased in the wall and no longer visible in 
'€ muscle, (Courtesy of Dr. B, Rose, Royal Victoria Hospital, Montreal.) 


ACTH appears to be highly effective in periarteritis nodosa,®!® however, 
not all individuals react equally well. In a recent study of seven patients 
treated either with ACTH or with cortisone, all “experienced prompt subjective 
relief after receiving the hormones; fever has subsided within 24 to 72 hours 
and sedimentation rates have decreased to normal more gradually. Partial 
relapses have occurred in five patients after withdrawal of the hormone, 
followed by improvement when treatment was resumed.” Yet among three 
patients of this series, in whom cortisone treatment was begun when the 
disease had already reached a very critical stage, two died in cardiac and renal 
failure, despite an initial improvement. The other still has severe and 
progressive hypertension at this time. Even the patients who died exhibited 
complete healing of all arterial lesions” at necropsy. “However, in the process 
of healing, fibrous obliteration of the lumens of these vessels had occurred, 
resulting in widespread visceral infarction”.*'5" Up to now no detailed autopsy 
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rt has been published concerning patients treated with ACTH or cortisone 


eriarteritis nodosa. It will be recalled, however, that although the 
for tal periarteritis nodosa of DCA is prevented by cortisone in most 
aed the renal changes may actually be aggravated. We should like to 
Se aad, therefore, that, in the future, those who will attempt this type of 
—— be on the look-out for renal complications. 

Temporal arteritis. — The histologic appearance of temporal arteritis 
resembles periarteritis nodosa so closely that the former may be regarded as a 
special form of the It is often accompanied by periarteritic changes 
in other vessels (e.g.. those of the brain or heart), myocardial infarction, 
arthralgia, myalgia and thrombo-angiitis obliterans."4° Because of these char- 
acteristics temporal arteritis has been interpreted as a disease of adaptation.®1® 

Thrombo-angiitis obliterans (Bueger’s disease). — In this disease the earliest 
pathologic lesion is usually a proliferation of the intima, with an inflammatory 
reaction in the media and adventitia, affecting the arteries of the extremities. 


Subsequently, mural thrombi are formed which gradually become organized 
and substituted by a giant-cell and blood-pigment containing granuloma. Thus 
anatomically, the changes characteristic of thrombo-angiitis obliterans are 
rather reminiscent of those seen in periarteritis nodosa and endarteritis oblit- 
erans. Although the etiology of the disease is unknown, it appears to occur 
almost exclusively in males and with special frequency among heavy users 
of tobacco; Russian Jews, are particularly predisposed perhaps due to some 
genetic factor. However, the disease also occurs among females, non-Jews and 
non-smokers. Exposure to cold, various toxins, infections and mental stress 
have been considered as possible eliciting agents.*!7 

It has been claimed that in Buerger’s disease, the adrenals show a fairly 
characteristic picture of intense vasodilatation, adenomatous hyperplasia of 
the cortex and sometimes lymphocytic infiltration.“ Several investigators 
reported most favorable results following partial adrenalectomy.™® Here again 
the possible value of ACTH and gluco-corticoid therapy should be investigated. 

On the basis of the above observations, and because of the great similarity 
between the histologic appearance of the thrombo-angiitic vessel lesions and 
those caused by LAP, mineralo-corticoids and RPS, the condition has been 
classified as a disease of adaptation.*° 


Endarteritis obliterans. — This process has also been referred to as “'pro- 
ductive endarteritis’” or more correctly, as thickening and hyperplasia of the 
intima. It is not a systemic disease and is usually not accompanied by any 
obvious signs of inflammation, but consists of a gradual obliteration of the 
lumen due to proliferative changes in the intima of individual arteries. Vessels 
which are no longer needed usually become obliterated through this process, 
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for instance: the ductus arteriosus at birth, the arteries of th reproductiy 
organs in senile people, arterioles in the vicinity of a gastric ulcer and PN 
of an inflammatory granuloma when the inflammation regresses. — Jy he 
course of healing, periarteritis nodosa and thrombo-angiitis obliterans Bie 
assume the appearance of an endarteritis obliterans. However, in the fornn 
an infammatory granuloma, in the latter a thrombus, is gradu.’ transformed 
into connective tissue, while in the common type of endarteritis obliterans the 
intima proliferation is not preceded either by obvious inflam itory or b 
thrombotic changes. Nevertheless, the end-result is rather similar and ae 
pathologists doubt that endarteritis obliterans should be distinguished as : 


special entity."*! Since some investigators used the terms endarteritis obliterans 
and thrombo-arteritis obliterans interchangeably, it is often difficult to interpret 
their findings. Thus it was pointed out that endarteritis obliterans is presumably 
an allergic disease,**? but judged by the description, thrombo-arteritis was 
meant. 

It has also been stated that partial adrenalectomy is of therapeutic value in 
the obliterating arteritides,°** however, most, if not all of these patients almost 
certainly suffered from thrombo-angiitis obliterans and not merely from pro- 
ductive obliterating intima proliferations. 

We regard the true, primarily proliferative, intima hyperplasia as related to 
the diseases of adaptation only in the widest sense of this concept, in that it is 
usually the result of an adaptive rearrangement of the vessel wall in response 
to a diminished circulatory strain. On the other hand, many types of so- 
called periarteritis nodosa, rheumatic arteritis, thrombo-angiitis obliterans, etc., 
which appear to be more closely related to derangements of the pituitary- 
adrenal-kidney system, may eventually assume the appearance of an endar- 
teritis obliterans during the process of healing. 


Focal, non-septic necrosis of arteries. — Following comparatively simple 
uncomplicated abdominal operations, focal necrosis may occur in various 
distant arteries, for instance in those of the cerebellum.®** These have been 
interpreted as due to focal infarcts, but, in view of their morphologic resemb- 
lance to certain types of periarteritis nodosa, a humoral component in their 
pathogenesis may deserve consideration. 


Rheumatic fever. — As we have mentioned before, cardiovascular changes 
similar to those seen in acute rheumatic fever have been reproduced experiment- 
ally in animals, for instance, by the administration of allergenic sera and 
drugs."*° This led to the conclusion that rheumatic fever is an “allergic disease”. 
Similar lesions have been obtained in rabbits by multiple successive skin infec- 
tions with several serologic types of “group A” streptococci. Here the adrenals 
showed extreme cortical enlargement, especially in those animals in which 
the rheumatic-fever-like changes were most pronounced.®6 A carditis, arteritis 
and arthritis, structurally resembling that seen in acute rheumatic fever, has 
also been reproduced in experimental animals by LAP, mineralo-corticoids and 
RPS.**" This led us to suspect that acute rheumatic fever is primarily a disease 
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ation due to deranged, or excessive, hormonal response to various 


of adapt 628 
ae ald be re-emphasized here that both the G-A-S and the specific 
ee of the stressor co-operate in determining the manifestations of the 
aoe of adaptatio \ccordingly, not all stressors are equally capable of 
een rheumatic changes. No doubt the so-called allergenic substances 
Be cong the microbes, the hemolytic “group A” streptococcus are the most 
pe Ra causes of rheumatic fever in man; apart from the above-mentioned 
eins these agents are most suited to produce experimental similes of this 
one in animals. According to the G-A-S concept, this may be due either 
to a particular ability of such stressors to cause abnormal hormonal defense 
reactions, or to their special tendency so to condition the target organs that 
the latter respond abnormally to the hormone secreted during the G-A-S. 


Indeed both of these mechanisms may simultaneously exert their pathogenic 
actions. 

As we have said elsewhere, DCA rarely produces an acute arthritis unless 
some direct irritation sensitizes the joint to the hormone effect. Topical injec- 
tion of formalin was used as such a sensitizing agent; its arthritogenic action 
is greatly aggravated by mineralo-corticoids and counteracted by gluco- 
corticoids or ACTH. It had been assumed that in clinical arthritis an abnormal 
corticotrophic stimulation, or the abnormal “conditioning” of the peripheral 
target organs to the excess corticoids produced under stress (e.g., that of a 
hemolytic streptococcus or allergen), causes the joint lesions and that this 
could be overcome by the sudden flooding of the organism with great excesses 
of exogenous ACTH or cortisone. An A-R, produced by a variety of stressors, 
exerts an equally beneficial effect upon the course of a “formalin arthritis’’, 
hence we postulated that even endogenous ACTH is beneficial under these 
conditions; indeed excessive production of ACTH is probably an important 
component of various “non-specific therapies’.°*® We were reinforced in this 
belief by the observation that certain anaphylactoid reactions, which are 
highly amenable to non-specific therapy by the A-R, likewise proved to be 
inhibited by ACTH or cortisone.**® Others favor the view that “debility 
causing a general lowering of local tissue reaction’ might be responsible for 
such non-specific therapeutic results. In support of this interpretation, a 
number of experiments have been surveyed which demonstrated that the 
arthritis, usually produced by the intravenous administration of streptococci, 
can be prevented by dietary deficiencies. Furthermore, inoculation with the 
virus of foot-and-mouth disease affects well-fed, healthy cattle much more 
than malnourished animals.**! It is noteworthy, however, that adrenalectomy 
— undoubtedly a most “‘debilitating’’ intervention — not only fails to decrease, 
but actually increases the severity of “ 682 This certainly 
Suggests that “debility” in i als are intact 
and there is nothing p ¢ 

ted abo ave 
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Perusal of monographs concerning clinical aspects of acute hae 
fever reveal that although certain strains of “group A” he, oly pe 
cocci are commonly associated with this disease, they cannot ,\| vaya te 
responsible for it. In many individuals such streptococci a). lemonsteelt 
although there is no evidence of rheumatic fever and conveisc|y. dienes e 
be absent in patients who develop typical manifestations «4! this dieeae 
Furthermore, rheumatic fever may develop, or a latent forn may be ae 
cerbated, upon exposure to other stressors (exposure to cold, pxychic or ph rf 
ical trauma, etc.).°** Indeed Lichtwitz “** introduces his muc!: juoted Bata 
graph with the sentence “rheumatic fever is a non-infectiou lisease”, He 
believes it to be caused by sensitization to antigens, which in :ost cases are 
products of micro-organisms. However, he is forced to admit that in the 
rheumatic individual reactivation of the process can be brought about by a 
variety of non-specific factors not only by the specific antigen. “Thus, fatigue, 


a chill, an adventitious infection, a slight injury, a touch of indigestion, a 
mental upset, or increased bodily activity may cause the rheumatic to relapse 
from the quiescent into an acute febrile state.'’ Others report rheumatic fever 
following mechanical trauma.®*! These and the above mentioned experimental 
observations lead to the view that rheumatic fever is primarily a disease of 
adaptation."*° 

Metabolic and serologic studies have so far contributed remarkably little 
to our understanding of this problem. The y-globulin content of the blood is 
frequently high in acute rheumatic fever and tends to rise during recurrences; 
the same is true of the anti-hyaluronidase titer.°87 On the other hand, extensive 
serologic studies ‘provide no evidence that those patients who develop rheu- 
matic fever following group A hemolytic streptococcal infections have a pattern 
of antibody response to streptokinase that differs from the pattern of their 
response to other antigenic stimuli.®** 


OF course, for the study of rheumatic fever as a possible disease of adapta- 
tion, the most important metabolic derangements would be those concerned 
with the biogenesis and fate of ACTH, the corticoids, RPS and those metab- 
olites (glucose, glycogen, electrolytes, protein-degradation products) which 
depend particularly upon the activity of such hormones. Unfortunately, per- 
tinent observations have not yet been undertaken. 


Among the relevant morphologic investigations we have already men- 
tioned that granulomatous nodules in the myocardium and skeletal muscles. 
occur not only in rheumatic fever, but also in rheumatoid arthritis (cf. arthritis). 
Furthermore, the experimental arthritides caused by mineralo-corticoids, 
formalin or combinations of both these agents, histologically resemble the 
arthritis of acute rheumatic fever in their acute stages, but gradually tend to 
assume the aspect of rheumatoid arthritis if they become chronic. These 
findings further emphasize the essential similarity between acute rheumatic 
fever and other rheumatoid conditions. Let us add that one of the most pro- 
minent students of “serous inflammation” concluded that the fundame 
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ia 


i upon rheumatic pancarditis. — A. X-ray of the chest, in an 18-year-old 
Oe tastocy ok recurrent rheumatic fever, taken during a very severe attack of 
el es ancarditis. The heart shadow is enlarged (chiefly the left ventricle), there is 
eae ble infiltration in the right, middle and lower lobes. There was also gallop rhythm, 
Beet friction rub over the entire precordium and a loud systolic murmur with a soft aortic 
pons li Panes Upon admission to hospital all therapy was stopped and the patient 
ai a 2000 mg. of cortisone in the first 48 hours in divided doses, 200 mg. daily the next 
Tay, 100 mg. daily for the next six days and 50 mg. daily for the last seven days. — B. X-ray 
a ealiwing cortisone administration, The lungs are clear although the heart shadow is 
Pil slightly enlarged. (For laboratory data see following chart.) 
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ive of ACTH in acute rheumatic fever. Clinical and laboratory course of an 11-year-old 
girl in her second attack of acute rheumatic fever. (After Thorn et al. B39546/49.) 


primary change in this whole group of the rheumatic diseases, including acute 
theumatic fever, is a derangement in membrane permeability which favors, first 
the development of a serous transudate in the intercellular spaces, and later its 
organization into a granuloma which contains fibrinoid or hyalin masses." 


In our opinion, the most convincing confirmation of the view that the 
adrenal cortex is involved in the pathogenesis of acute rheumatic fever has 
been furnished by observations showing that ACTH and cortisone exert 4 
therapeutic effect in patients suffering from this disease.°*° Some investigators 
carefully point out that the word ‘treatment’? should only be used in an 
investigative sense” since these hormones are too scarce and may have too 
many undesirable side effects to be really useful in the therapy of rheumatic 
fever. Be this as it may, the above observations clearly show that whatever 
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“ athogen”’ of this disease, it does not produce rheumatic changes if ade- 
fe Pamounts of gluco-corticoids are available. This agrees with the concept 


Hehe G-A-S is not particularly conducive to disease in itself, but largely 

Getesmines whether a patient will or will not respond with disease when exposed 
2 — 

to certain pathogens. 


hose interested in the relationship between the therapeutic effect of ACTH 


dhe role of the G-A-S in the pathogenesis of acute rheumatic fever, pointed 
ou fpmneactabolic anc hematologic actions of a single ACTH injection 
ee essentially the same in normals and susceptible or active rheumatics.**”* 
fce the responsiveness of the adrenal cortex to ACTH is probably not 
deranged in rheumatic fever. 


The well-known therapeutic effect of salicylates and gentisate in rheumatic 
fever has been ascribed to an inhibition of the “spreading factor” hyaluro- 
nidase. The activity of this enzyme has been suspected as a possible cause of 
the breakdown of interfibrillar cement substances in rheumatic disease.®4t The 
rale of hyaluronidase during the G-A S and in the activity of corticoids has 
been discussed elsewhere (cf. above). 


Other types of “rheumatism”. — The close relationships between acute 
theumatic fever and rheumatoid arthritis have been emphasized when dis- 
cussing each of these diseases. A number of allied conditions have been 
designated with special names in order to emphasize the prominence of one or 
the other organ lesion, the rapidity with which the lesions progress and so 
forth. A study of pertinent cases clearly indicates, however, that these are not 
truly different nosologic entities, but rather different types of the same 
rheumatic disease. It is for this reason that the various manifestations of such 
syndromes overlap. Among these types of rheumatism are: Still’s disease,°** 
Libman-Sacks’ syndrome,*** lupus erythematosus, °* palindromic rheuma- 
tism,** Loeffler’s syndrome,*‘* Letterer-Siwe’s disease,"*7 Boeck’s sarcoid,*** 
dermatomyosis (perhaps “a type of tuberculosis with high immunity’’),°* 
psoriasis especially in its arthritic form," scleroderma,®! and a variety of 
poorly defined allergic conditions," 


Those of the above disease types which are characterized by particularly 
prominent cutaneous lesions will be discussed in detail later (cf. skin), while 
the relationship to periarteritis nodosa, malignant hyalinizing nephrosclerosis 
(with the accompanying necrotizing arteritis and hypertensive disease), non- 
Specific myocarditis, etc., have been surveyed above. It may be well to re- 
emphasize, however, that periarteritis-like changes often accompany typical 
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Such hormonal blood constituents can also act as chemica] condition; 
during the G-A-S. ing fae 
Finally, the response of the intercellular and connective tissue 

depends largely upon conditioning factors, e.g., by topical ieritants Substance, 
it is perhaps not entirely pertinent to the topic of this chapter, We die ough 
reactions of the intercellular substances and the connective tissue " 
with the cardiovascular system. We felt justified in so doin “a ONjoine|, 
whole group of mesenchymal structures is regulated by essential] Cause thig 
humoral mechanism, and because the intercellular substances afta t 
tissue stroma of the cardiovascular system itself play prominent a 
pathogenesis of arteriosclerosis and allied “hyalin disosces", Wea @ in the 
that the connective tissue throughout the body resp. 
blood-vessel walls to mineralo- and gluco-corticoids ; 
stimulating, the latter inhibiting the formation of interce}] 
fibroplasia in experimental wound healing. 


tore 


The importance of conditioning factors at this leye| jc clearly illust 
by the experiments on the arthritis produced by topical ir:itation (e.g., eae. 
mustard). Here the exogenous irritant is the conditioning factor whage ae” 
to produce inflammatory phenomena is augmented by mineralo-corticoids evi 
depressed by gluco-corticoids. The defective granulation of surgical weLG 
in cortisone-treated patients might be cited as an additional pertinent example. 


Summary of Observations concerning the Participation 
of the Cardiovascular System in the G-A-S 


Many stressors appear to affect the cardiovascular system in an essentially 
similar manner in that they produce hypertension and various types of arterio- 
sclerosis. Although the character and the distribution of the cardiovascular 
lesions is not always identical, the same G-A-S mechanism probably plays a 
prominent part in their pathogenesis. These, as so many other ramifications 
of the G-A-S, are the results of biological chain reactions in which the response 
of one organ secondarily stimulates the activity of another. The further we 
progress along the course of such a chain, the more the responses of individual 
links become variable, depending upon the nature of the stressor used and 
the responsiveness of the reacting organs. 


We have seen that the first links in this chain reaction, the vegetative nerve 
centers in the hypothalamus and the pituitary, react in a very stoner 
way to various stressors; almost any alarming stimulus elicits the same splanch- 
nic discharge and adrenergic hormone secretion through the hyp othe 
centers and the same ACTH discharge by the anterior-lobe. Presumably a 
the level of these first links in the chain of events, the reaction is not i 
complex enough to be highly subject to qualitative conditioning. Howes 
we progress towards the periphery, more and more links and more and i 
branches of the chain participate in the G-A-S; at every one of these g 
mediate stations, the response may be inhibited or exaggerated by condition 
more Consequently, the eventual end-result — which represents ©™ 
= alg and of all the conditioning factors — 1 GA 

ability, depending upon the circumstances under which exp 
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the stressors examined, cold, parenteral administration of foreign 

gnene other antigens, as well as certain micro-organisms proved most 

proteins in eliciting cardiovascular changes of the rheumatic-hypertensive type. 
e 


effectiV hogenetic actions of chronic nervous irritation have not yet been 
The Pe dgated. but it is already evident that nervous tension is highly 
fully aoe raising the blood-pressure and preliminary data suggest that it 
capable © licit cardiovascular hyalinosis. The fact that the above agents are 
an cat ctive in producing such changes than many other stressors of equal 
ore € - ascribed to conditioning factors. These may act at different levels 
eS mechanism. Apart from causing stress, they may possess certain 
of the roperties (just like drugs with selective organotropic actions). These 
pet Ee them to produce: (1) an excessive secretion of ACTH, (2) the 
ma ee of corticotrophins particularly suited to induce a mineralo-corticoid 
disc nse in the adrenal. (3) specific direct effects upon the adrenal itself 
Pc could augment its mines 'lo-corticoid production, (4) they can so damage 
py kidney, through direct actions, as to augment the production or diminish 
Ps detoxification of RPS and (5) they may exert direct effects upon the peri- 
pheral vessels themselves, thus rendering the latter especially susceptible to 


vasopressor and vasotoxic intluences. 

Such considerations led tot he view that all stressors affect the cardiovascular 
system through the same G-A-S mechanism, but the end results exhibit a 
great polymorphism because no stressor can produce stress alone without 
simultaneously exerting numerous and varied specific actions upon the many 
organs involved in the G-A-S response. 

Among the hormones presumably produced during the G-A-S, several proved 
to be especially effective in causing hypertension and cardiovascular lesions of 
the hypertensive-rheumatic type. 

Under certain conditions of sensitization even pure ACTH raises the 
blood-pressure. Impure anterior-pituitary preparations, such as LAP, are 
much more effective in this respect and, unlike ACTH, they tend to cause 
severe nephrosclerosis and arteriosclerosis in animals. In general, it can be 
said that ACTH acts upon the cardiovascular system like gluco-corticoids 
(e.g., cortisone), LAP like mineralo-corticoids (e.g., DCA, desoxocortisone). 
It is possible that separate corticotrophins regulate the production of gluco- 
corticoids and mineralo-corticoids respectively, ACTH being an example of 
the former, LAP of the latter. Since pure ‘‘mineralo-corticotrophins” have never 
been isolated, it would be premature to postulate their existence, especially 
since the LAP-effect may well be explained by the presence, in the impure 
extract, of conditioning substances which merely change the ACTH action 
SO as to render it mineralo-corticotrophic. ; 
oo does not appear to exert any important e 
ae oF of ACTH. Proteins (and their stit 
ae uence the action of ACTH 
value of Jn Of production of 
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«+ may be well therefore to focus attent: 
of change. In future it " ~ i ue a 
upon the detection of such chang Wa 


Electric injury- 
nephrons frequent 
the “endocrine 

i ot o 
nephrosclerosis was 1 Ba beenuse : 
longed for the former and not chronic enoug e latter type gp = ae 


Nervous stimuli. 


i i ial attention in the cha Upon the te 
circulation has been given specia hapter on cardign, - 
changes. Let it merely be recalled here, that according to Trueta et apie 
animals, irritation of the sciatic nerve (through a reflex) or direct aa : ‘in 
of the renal plexus itself, opens a vessel “shunt”; this permits blood is . ation 


the cortex and to flow directly through the medulla. Con sequently PAH a Pats 
tion becomes very incomplete so that clearance of the plasma of PARES 
longer a measure of the total renal plasma flow. It must be kept in mind i No 
ever, that clearance would still be a measure of the “effective” renal one 
flow, namely that traversing the glomeruli. Sma 

Subsequent observations on man showed that immersion of a hand in pain 
fully cold ice-water produces a slight fall in PAH and inulin clearances with 
slight rise in the mean blood-pressure. “These findings thus support, although 
they do not prove, the view that under great stress, many glomeruli may cease 
functioning”. Yet the observations neither prove nor disprove the effectiveness 
of the renal shunt, since the changes observed could be “more simply explained 
on the basis of progressive vasoconstriction”’.*’ Interestingly, if “emotionally 
charged topics were intentionally introduced” in the course of psychiatric inter- 
views with normal individuals, highly significant (both positive and negative) 
changes in renal plasma flow were quite frequently observed.** The underlying 
mechanism has not yet been elucidated. 

Direct or reflex irritation of the renal nerves, by the local application of 
irritants, can produce nephrosis or even hematuric nephritis in animals. It was 
assumed therefore that in man nervous stress may also cause severe renal 
disease.”° 

The renal shunt produced by direct electrical stimulation of the kidney nerves 
can be prevented by adrenergic blocking agents.”%* 

Muscular work. — Intense muscular exercise tends to cause a diminution 
in PAH and inulin clearances perhaps because exercise diverts blood from the 
kidney to the muscles. Both in-animals and in man these changes are rather 
similar to those seen after nervous stimulation.®° 


sare — The morphologic changes induced in the kidney by ae 
anoxia of comparatively short duration are essentially those of the crt 
syndrome’’.31 

In very acute experiments on rabbits, stimulation of the renal plexus merely 


opened the renal shunt. This effect was prevented by adrenergic blocking 
agents.®!4 


ea 
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In rats exposed three hours a day during 27 days to a simulated altitude of 
000 ft. there was renal hyperemia and sometimes necrosis of peripheral 
, Jes in the renal cortex. Since this was accompanied by pronounced poly- 
tubu the picture is somewhat reminiscent of that induced by DCA overdosage.*” 
in after two hours of exposure to very low atmospheric pressure, the tubular 
ye f the rat kidney become swollen, the stroma edematous and the 


* ja oO 
came spaces dilated.” 
“ view of the suspected relationship between the juxtaglomerular apparatus 
nd compensatory vasopressor reactions to various kinds of systemic stress. 
rik noteworthy that in mice exposed to acute or chronic severe anoxia, there 
was no indication of any hypertrophy of the juxtaglomerular cell groups. In- 
deed, after several days of exposure, these often disappear.3* Repeated expo- 
sure to excess atmospheric COs causes necrosis and sometimes calcification of 
renal tubules in various animal species,®® 

Both anoxia and decreased atmospheric pressure cause irregular variations 
in the glomerular filtration rate, while the TmPAH tends to rise, the TmG is 


decreased or remains unaff ected in man.8* Allegedly the most pronounced effect 
of lowered oxygen tension on renal tissue in man is the increased excretion of 
Na and Cl.°7 


Diseases. — Various diseases and especially those conducive to the “med- 
ical shock” syndrome can cause renal changes of the “lower nephron nephrosis” 
type, hence the possible participation of the G-A-S mechanism in the pro- 
duction of such renal lesions has been considered.*® 

In various diseases conducive to “serous inflammation” and especially in 
petechial typhus, hyaline nodules are often found in the renal veins. They 
are sub-endothelially located but resemble thrombi. Allegedly they arise from 
proliferation of lymphoid cells which underwent sudden hyaline degeneration. 
Similar nodules are also found in the myocardium in typhus. Because of the 
resemblance of this lesion to periarteritis nodosa it has been termed “para~ 
phlebitis nodosa’’.4° Significantly these nodules are also common in the renal 
veins of rats overdosed with mineralo-corticoids.™ 

Acute nephritis is allegedly not an uncommon complication of focal infec- 
tions and of acute rheumatic fever. This led to the assumption that “nephritis 
is but one of the multiple manifestations of rheumatism in its capacity of a 
preéminently protein disease’’.42 The latter conclusion is perhaps somewhat 
daring, but the fact remains that essentially similar renal lesions can be elicited 
by a variety of diseases and hence, they must be regarded as largely non- 
specific. The most acute type is “lower nephron nephrosis’; nephritis takes an 
intermediate position, while nephrosclerosis is the most chronic form of these 
non-specific renal changes. It remains to be seen whether increased endogenous 
Corticoid production plays a major réle in their pathogenesis, yet even if this 
Were proven, it is almost certain that corticoids alone explain the 
development of such nephropathies since the latter are v on in patients 
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with hyperactive cortical tumors. Anite) iil also indica 
kidney is severely damaged by corticoids only in the Presence of s hat . 
ditioning factors such as partial nephrectomy, nephrotoxie Nephritig : 
We believe that endogenous corticoids favor the development see Sodium, 
changes caused by exposure to systemic stress, but in many cages, ati © renal 
(e.g., nephrotoxic substances produced by bacteria or the hosts’ tissues ned 
reactions) play at least an equally important part (cf. Renal Diseases of Aaait 
ation, p. 637). dapt. 
The renal changes characteristic of hypertension have he 
the chapter on the “Cardiovascular Diseases of Adaptation” 
Serologic reactions. — In the section on the cardiovascy] 
mentioned that various foreign proteins, sulfonamides and ot 
capable of producing “hypersensitivity reactions” can cause hyalinosis rn 
rheumatic-like changes throughout the vascular system. Let us merely em ‘ 
size here that the kidney is usually a site of predilection for such chi 4 
Thus, for instance, rabbits injected with horse serum,** sulfonamides,!" 
nephrotoxic serum *’ develop severe renal lesions resembling either nephritis 
or nephrosclerosis, depending largely upon the duration of treatment. The 
glomerular tufts tend to become adherent to the capsule, there may be epith 
crescents around the glomeruli and eventually the whole tuft becomes more or 
less hyalinized. The arterioles and sometimes even the larger vessels of the 
kidney undergo more or less pronounced hyalinization, sometimes conducive 
to sclerosis, while the convoluted tubules become dilated, filled with hyalin or 
cellular casts and the lining cells show degenerative lesions and even necrosis." 


In dogs treated with nephrotoxic serum the clearances of creatinine and urea 
as well as the tubular excretion of PAH decline rapidly, even if histologically 
visible glomerular and tubular damage is only moderate.** 

By iodinating the globulin fraction of anti-kidney serum with iodine contain- 
ing tracer amounts of I'*!, it was possible to show (radio-autograph technic) 
that the anti-kidney serum is taken up selectively by the glomeruli.‘ This would 
suggest that the glomerular damage results from a direct local effect of the 
antibodies. The adrenal-cortex may perhaps participate in such responses. In 
agreement with the concept of ‘serous inflammation”, hyalinosis results from a 
loss of the selective permeability of cell membranes and the consequent plasm@ 
imbibition of their cytoplasm.” As we have said elsewhere, DCA appears i 
act in a similar manner. It is possible, therefore, that the penetration of te 
kidney globulins into cells would also, at least partly, depend upon he 
aneous action of corticoids. It must be kept in mind that the so-called eee 
nephrotoxic sera” cause hyalinosis not only in the kidney, but also in ae 
parts of the vascular territory. Indeed, the above-mentioned studies with atc 
active anti-kidney sera gave clear evidence that several other tissues. Pa 
ularly the spleen, also exhibit a selective affinity for these proteins: 
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ia systemic stress, LAP, mineralo-corticoids and the products of the “endo- 
ie kidney” can produce an almost identical hyalinosis throughout the vascular 
Pics, again with especially intense participation of the renal vessels. This 


nceure without any antibody formation, Presumably due to intracellular pen- 
stration of the animals own blood-proteins. If we accept the “serous inflam- 
mation” concept, the high activity of anti-kidney sera could be due to a greater 
toxicity of the immune bodies than of other proteins (e.g., those of the plasma), 
or to a greater power to penetrate into cells, even without sensitization by 


corticoids. In the latter case, the corticoids would still participate in the patho- 
genesis of the renal changes, by facilitating the penetration of the toxic anti- 
bodies into the cells. The fact that DCA sensitizes the rat to the vasotoxic 
properties of anti-kidney sera’ appears to be consonant with the latter inter- 
pretation. 

If rat kidney tissve is injected conjointly with killed ‘group A” streptococci 
into rats, auto-antibodies to kidney allegedly appear in their blood. These 
kidney auto-antibodies react with renal tissue in vitro and when injected into 
rats, produce glomerulonephritis. This led to the assumption that perhaps auto- 
antibodies also play a rdle in the pathogenesis of glomerulonephritis in man.*2 
However, such changes cannot be produced consistently.*8 

Observations on man show that even the very acute renal damage char- 
acteristic of “lower nephron nephrosis” is frequently elicited by transfusion 
with incompatible blood, sulfonamides and other agents causing ‘“‘hyper- 
sensitivity reactions’’.** 

In rabbits receiving repeated intravenous injections of formalin-killed 
pneumococci, there develops a marked hyperglobulinemia, a high blood-titer 
of antibodies and intense proliferation of plasma cells in most organs but 
especially in the fat of the renal pelvis. As we shall see below rather similar 
changes occur in the stroma of the renal pelvis in rats treated with LAP. 


Drugs. — Those compounds which cause hypersensitivity reactions have 
already been mentioned. Let us merely add here that various drugs con- 
ducive to intense acute systemic stress also produce ‘lower nephron nephrosis” 
in man, even in the absence of hyperergic reactions.® 
As previously mentioned, some authors considered the possibility that 
liberation of adenine derivatives might be an important factor in the patho- 
genesis of the circulatory derangements seen during shock in general and 
the “crush syndrome” in particular. This led to studies concerning the effect 
of adenosine triphosphate (ATP) upon renal function. Judged by various 
clearance tests in dogs, it was concluded that this compound causes a severe 

‘rangement in the renal circulation," but of course this does not mean that 


rn endogenous overproduction is resp he kidney lesion during 
shock, i 
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bearing upon our interpretation of the Kimmelsticl-\W 
Renal Diseases of Adaptation, p. 638). 
Carbon tetrachloride has been mentioned as one of the dru 
conducive to the development of the crush syndrome in man,59 
Colchicine a notoriously caryoclastic drug, was found to cause 


ilson Syndrome (ef 


gs Particularhy 


, : clo 
swelling of the tubular cells, sometimes progressing towards. more Re 
degeneration, with hyalin and granular cast formation and intense congedian 
of the glomeruli. These lesions were interpreted as an acute tubular nephritis « 


but they are rather reminiscent of the “lower nephron nephrosis”, 


Intravenous hemoglobin infusions cause renal changes very similar to those 
of the crush syndrome, especially in animals previously subjected to dehydra- 
tion ®! or hemorrhage.” 

Repeated intraperitoneal administration of various proteins may result in 
renal enlargement, tubular damage and cast formation in rats. The possibil- 
ity has been considered that certain renal lesions, seen in diseases which raise 
the blood-protein level, “may be secondary alterations due to excessive 
amounts of protein passed through the glomerular membranes’”’.°* However, 
these lesions do not resemble the experimental hyalinoses. 

In rabbits, repeated intraperitoneal injections of homologous y-globulin causes 
glomerular hyalinization reminiscent of the Kimmelstiel-Wilson syndrome. At 
the same time, hyalin droplets appear in the cytoplasm of the proximal con- 
voluted tubules.°%* The latter are similar to those frequently noted in rats 
receiving excessive amounts of DCA and probably represent tubular reabsorp- 
tion of protein, filtered through the glomeruli. In the rat, repeated intraperitoneal 
injections of human hemoglobin caused “athrocytosis” of the proximal con- 
voluted tubules, due to phagocytosis of hemoglobin particles which apparently 
passed through these glomeruli.**® These observations suggest that, contrary to 
common opinion, comparatively large protein molecules can traverse the glo- 
merular filter, although this usually leads to little if any proteinuria, because 
much of the material is reabsorbed. 

Among other particularly nephrotoxic drugs let us merely men 
mercury,®® and uranium.” None of these appear to act primari 
the G-A-S mechanism. 

Diet. — Qualitatively or quantitatively inadequate diets may 4 
renal lesions similar to those which we considered to be characteris 
response to systemic stress as such. ; World 

Chronic undernutrition among concentration camp inmates during 
War II, often caused severe derangements in renal function. These we. 
been held partly responsible for the development of hunger edema. ee 
the concomitant fall in the protein-osmotic pressure of the blood is 
more important in the pathogenesis of this syndrome." Typical nep 
rarely observed among these malnourished individuals and when P 
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Perhaps other incidental stresses of life in a concentration camp also 


S}- é 
oe role, especially exposure to cold and fear. 
Pp . were « “a 

It has been customary in Europe to distinguish “hunger edema with 
nephritis” from “war nephritis’, but accurate delimitation of these entities is 


hardly pessible.°* Even those who interpret most of the manifestations of the 
“hunger disease as due to the G-A-S, had to admit that the renal changes 
are SO mild that it is difficult to hold them responsible for the well known edema- 
tendency of undernourished people.®® Since the low-protein diets of the con- 
centration camps tend to protect the kidney against the damaging action of 
stress, it is not unexpected that renal complications were uncommon and that 
the patients died from the purely catabolic manifestations of the G-A-S before 
they could have developed marked renal injuries. 


Conversely, a high-protein intake is notoriously nephrotoxic. Numerous 
experiments show that nephrosclerosis frequently develops in animals (especial- 
ly rats) if they are kept for many months on high-protein rations.” High- 
protein diets greatly sensitize rats to the nephrosclerosis-producing action of 
stress (e.g., cold) and LAP (cf. Cardiovascular System, p. 516-517). It is 
possible, therefore, that on a very high protein intake such lesions develop even 
if the blood contains only physiologic amounts of corticotrophin. Furthermore, 
diets very rich in protein may, in themselves, cause a stress which increases 
ACTH discharge. In this sense, the nephrosclerotic action of proteins may 
be related to those humoral factors which cause kidney damage under the 
influence of systemic stress. 


For the sake of completeness, it should be mentioned that certain amino- 
acids, for instance glycine, also exert pronounced nephrotoxic actions. These 
are mainly characterized by focal necroses 7! and probably bear no direct 
relationship to the G-A-S. 

It has been stated that dried, fat-free liver tissue and sodium nucleate are 
particularly effective in producing a ‘granular kidney” in the rat, but perusal 
of the published data reveals the frequent occurrence of calcified casts in the 
tubular lumina.?? It must be kept in mind that the dietary ingredients used 
are rich in phosphorus and that high-phosphate diets are in themselves con- 
ducive to the formation of calcified casts in the tubules of the rat kidney, presum- 
ably because insoluble calcium phosphates are precipitated. This causes con- 
siderable destruction of renal tissue with subsequent sclerosis. If rats are kept 
on a phosphate-rich diet and simultaneously given DCA, the nephrosclerotic 
action of the latter is increased, presumably because the renal destruction caused 


Ry the diet sensitizes to the corticoid h partial nephrectomy 
oes. f ig 
fect of 
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deficient diet for a few days during early life, and survive a severe oui 

of subcapsular hemorrhages, they may develop hypertension and tystaal attack 
i é P 

nant nephrosclerosis later. Perhaps fibrotic organization of the hemanies : 

acts somewhat like experimental perinephritis, by compre thages 


sing the renal », 
enchyme.”” al par. 


Acceleration. — Because of possible implications concerning probley 
. _ Ta ot ns 
aviation medicine, the effects of acceleratory forces upon the kidney have Me 
‘4 i vu ; si 4 als 
been studied, In rats exposed to various positive and negative g forces Over 


periods of & to 24 days, marked polyuria and albuminuria developed, “Histol 
ogical examination revealed that the renal glomeruli of the accelerated ai 
were ischemic and the proximal convoluted tubules showed cloudy ewelling 
and contained casts’, Since such treatment represents considerable stregs, a 
possibility was envisaged that the renal lesions may result from a disturbed 
adreno-cortical function.” 


Stimuli Influencing the Kidney During the G-A-S 


Hypophysis. ~ Hypophysectomy tends to cause fairly severe renal atrophy, 
accompanied by a diminution of the functional capacity of the kidney.” It is 
obvious that the important renotrophic effect of the hypophysis cannot be 
neglected in an analysis of the changes which occur in the kidney during 
the G-A-S, 

{4 will be recalled that while mineralo-corticoids cause nephrosclerosis, other 
steroids (see below) which are also secreted under the influence of the anterior 
pituitary, possess an actual renotrophic or kidney-stimulating effect, Studies 
on hypophysectomized rats have shown that both NCA and renotrophic steroids 
(e.g. testosterone, progesterone) enlarge the kidney even in the absence of the 
pituitary, hence “the effect of these hormones is not mediated by the hypo 
physis, but is probably direct,” A priori it would have been tempting to 
aswume that the pituitary influences the kidney merely through the intermediary 
of the corticoids and gonadal hormones secreted under the influence of 
and the gonadotrophins reapectively, However, in this same experimental s€F 
it wae noted that the effects of DCA, progesterone and testosterone, t 
definitely demonatrable, are much Jess marked in hypophysectomized 
intact rate, Kt was concluded “that under physiological conditions. besides ‘ 
genadorrophic and corticotrophic hormones, the pituitary possesses addition 
means lor the maintenance of the normal kidney structure” * 
hormone Whevwise stimulates kidney growth, it appears probable 
tropic hormone is also responsible for part of the renotrophic effect 0 sad 
hypophyas. The growth hormone, which conditions the growth of t 
as 4 Whole, mun similarly be considered in thie connection 7” 

Unfortunately, at the time these experiments were done, WE had 
learned to diflerentiate between the renal enlargement due to MEF 
and that resulting from true renotrophic stimulation, Im set 
alice rsearng iad ~ a ouraten that both # 
pounds (eg lestooters  yldowiarcs desoxocortisone ys 

’ me) are enhanced in their # 


© Heat and Hartrost 84957 - 
% Sivette and Yorittom (th the : pel +f 
! Gebye AIGNO/M, 94972/49, ye ane | 


<—— STIMULI 615 


pituitary factor(s), although, to some extent, they can also affect the kidney 
directly. 
Thyroxine causes ren il enlargement in the rat even after hypophysectomy, 


hence this effect is also, at least p irtly, a direct one.” 


‘Treatment of hypophysectomized rats with impure anterior-lobe extracts 
ds to restore the subnormal kidney weight to normal.” It was shown on 


ten ; 

hypophysectomized dogs, furthermore, that purified growth hormone raises 
the greatly depressed inulin clearance and TmPAH to or above the normal 
jevels, The authors con: luded from these observations in connection with other 


experiments which they had previously published, “that loss of gonadotrophic 
and adrenotrophic hormones is not responsible for the great depressions of 
the renal functions seen after hypophysectomy, and that the effect of loss of 
thyrotrophic hormone is slight. The principal effect is due to loss of growth 
hormone or of some substance not yet separated from it”.*’ 

Apparently several hormones whose production is impeded by hypophysec- 
tomy, regulate the normal morphologic and functional status of the kidney; 
among these hypophyseal-growth hormone, the testoids, the corticoids and 
thyroxine are of special importance. 

The compensatory hypertrophy of the remaining kidney after unilateral 
nephrectomy is diminished, but not abolished, by previous hypophysectomy 
in the rat." 

X-irradiation, which has little effect upon the kidney even in intact rats, also 
failed to produce any important lesion after hypophysectomy.”” 

It is important to consider the réle of the diet in the production of renal 
atrophy by the ablation of the pituitary since the voluntary food intake is greatly 
diminished after this operation. Hypophysectomized rats gain body weight 
if they are forcibly fed quantities of food approximately isocaloric with that 
consumed by intact controls, At the same time, the post-hypophysectomy ae 
changes in the weight and composition of the liver were also completely pre- { 
vented, yet the weight losses of the kidneys remained unaffected.” This gives us 
additional evidence suggesting that the renal atrophy caused by hypophys- 
ectomy is not merely due to malnutrition. 

Crude anterior-lobe extracts (or LAP) tend to cause nephrosclerosis on 
Na-rich and renotrophic effects on Na-poor diets."* Unilateral nephrectomy 
sensitizes the remaining kidney to both these act ASP arly 
10 the nephrosclerotic effect.” All this agrees 
observations (cf, Cardiov, Syst. 
enhance hyalinosis in other parts ol 
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can even produce intense myeloid infiltration of the renal pelvis stro 


rat (cf. Hemopoietic System). If very large doses of LAP are adie in th 
optimally sensitized rats (unilateral nephrectomy, NaC!) acute nee cn to 
develop.*s This suggests that even true inflammatory renal testa itis May 
diseases of the hormonal adaptation mechanism invol\ in the G-A-§ May be 
LAP-treated rats usually eat much more than untreated conn 
important to point out, therefore, that an increase in renal weight is 1 A: is 
by LAP, even if the food intake is kept down to the amount ingested bal uced 
ed controls. Furthermore, in rats fasted up to four days, LAP sti] ai 
renotrophic action; presumably due to transfer of protein from other ae a 
into the kidney. However, even on a reduced caloric intake the renal cals ae 


ment obtained by a given dose of LAP is roughly proportional to the protei 
content of the diet.*” Unfortunately the interpretation of the above expertifents 
is somewhat difficult, because no distinction was made between a renal enlarge- 
ment due to renotrophic or nephrosclerotic effects. 

If the ureter of one kidney is completely severed between two ligatures the 
resulting hydronephrosis causes marked pressure atrophy of the kidney in the 
rat. This atrophy is greatly delayed by daily treatment with LAP.’ Appar- 
ently the beneficial “renotrophic’ action of the anterior-lobe can protect the 
kidney tissue even against direct mechanical damage. 


Nephrosclerosis produced by anterior-pituit- 
ary extract in the rat. — A. Experimental 
nephrosclerosis produced with lyophilized 
anterior-pituitary material and high NaCl 
intake. Note greatly dilated tubules, some 
with casts and transudation of hyaline mat- 
erial into capsular space. — B. Experimental 
nephrosclerosis — another area of the kidney 
shown in Fig. A. Note hyalinization of 
afferent arteriole, near its junction with glom- 
erulus (arrow), enormously enlarged glom- 
erulus with transudation of hyaline material 
into capsular space. — C. Prevention of ex- 
perimental nephrosclerosis with NH,Cl — 
The rat whose kidney is shown here, was 
treated in the same manner as that whose 
kidney is represented in Fig. A. and B.. 
however, it was simultaneously given NH4Cl 
solution to drink. Compare size of glomeruli 
and note that pathologic changes are com- 
pletely prevented. (After H Selye B1204/46.) 


Feceeedty produced renal lesions similar to those occurring in 
bt: Avi normal kidney of a female dog (weight 19 Ibs.). — Botto! 
pein tor 10 in a female dog (weight 19 Ibs.) treated with anterior-lobe 
both anter: 1 ‘epee As explained in the text, thyroxin augments the nep 
cael fo ach obe and corticoid preparations. Great increase in renal sizé man P 
Note al Oe tis The organ is reminiscent of the “large white kidney of bu 

so “flea bitten appearance of surface, due to numerous glOm™ 
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In certain strains of mice. purified ACTH allegedly produces a a 
helioid cells in the juxtaglomerular apparatus i am 


stimulation of the epit 
significance of this change is not known and further experiments wil] ee The 
sary to show whether it can be reproduced consistently in various hee. 
Typical nephrosclerosis has not yet been obtained with pure ACTH. mae 
because up to the present time no investigator performed chronic expan aps 
with large doses. We have administered up to 12 mg. of ACTH/day ae 


in six equally spaced doses throughout the day and night) up to 40 days in adul 
rats (sensitized by unilateral nephrectomy and a high-protein, high sana ie 
diet). This did not cause either nephrosclerosis or any other manifest eau 
hyalinosis, although the blood-pressure rose from 135 to 180 mm.Hg. Hower 
if this treatment was combined with simultaneous administration of in them. 
selves almost inactive doses of LAP, then marked renal enlargement, nephros- 
clerosis and polyuria ensued. Apparently, the “mineralo-corticotrophic”’ effect 
of LAP is enhanced by ACTH. Similarly prepared lyophilized liver given in 
combination with ACTH under identical experimental conditions, did not result 
in mineralo-corticotrophic activity; in particular it caused no marked renal 
enlargement or nephrosclerosis. Hence we concluded that the production of 
hyalinosis by LAP is due to the combined effect of the ACTH and some other 
factor(s) present in anterior-lobe tissue. In other words, the typical gluco- 
corticotrophic effect is apparently due to ACTH itself and the ‘“mineralo- 
corticotrophic”’ action to ACTH + X. The nature of this synergistic “X-prin- 
ciple” in the pituitary is not yet known. It may be identical with one of the 
already identified pituitary hormones or it may be a hitherto undescribed prin- 
ciple. In any event, it is not merely a non-specific effect of foreign proteins as 
such, since lyophilized liver did not possess these conditioning properties." 


Creatment | Normals | LAP i Aer ~] L. Liver Ac # a 

| | / | | 4 LAP ‘61 
Kidney| m9: 907 1,255 909 982 |__1,567_ =a 
weight | 100 gm. 509 624 669 536 | 837 


Effect upon the kidney of combined treatm i ntaining the 
conditions for mineralo-corticotrophic een ed A Macroscopic via ‘i 
eer aes the kidneys of rats having received the treatments indicated ee 
Nang each figure. All preparations were given sub-cutaneously AP and 
yr ayn daily; ACTH, 2 mg. six times daily). The experiment was 
pi = et at greatest renal enlargement was obtained in group receiving i 
aeomiy smprenend as % of body weight. Despite growth inhibition, 
= a a istologically marked nephrosclerosis occurred only in this gr 
ihe Diood-pressure consistently far above normal throughout the expen men) 
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erestingly, recent experiments suggest that ACTH inhibits the produc- 


ae myocarditis, pe! iarteritis nodosa and renal lesions by DCA in the rat.*”” 
Since ACTH is predominantly gluco-corticotrophic, it is in agreement with 
the above observations, concerning the antagonism between cortisone and 
DCA, that ACTH inhibits the cardiovascular manifestations of a mineralo- 
corticoid. It is more diflicult to understand the alleged inhibition of ‘focal 
glomerulitis since under our experimental conditions, the renal changes caused 
by DCA were actually aggravated by cortisone. 

Much more work will have to be done to clarify this complex problem, we 
nevertheless discussed very recent pertinent observations in some detail here, 
since they touch upon a most fundamental aspect of the G-A-S, namely the 
interplay between qualitatively distinct corticotrophic efteats! 


Purified thyrotrophin was found to be renotrophic in the rat, but this action 
is not merely secondary to the increased production of thyroid hormone, since 
it remains demonstrable after thyroidectomy.®* 

Vasopressor posterior-lobe extracts tend to cause ischemic infarcts in the 
rat kidney, presumably due to intense arterial spasms.** However, at the same 
time, necrotizing arteritis may develop both in the kidney and in other tissues, 
perhaps because the vessel spasms are maintained so long that the nutrition of 
the arterial walls suffer. 

These changes have been compared to the allergic and eclamptic types of 
necrotizing arteritis."* Pretreatment with folliculoids sensitizes the kidney to 
this effect. Since such hormones are produced in large quantities during preg- 
nancy, this has been regarded as a further point in favor of the similarity be- 
tween the lesions produced by vasopressin and those seen in eclampsia.*® 

Adrenals. — Adrenalectomy causes no specific morphologic changes in 
the kidney, but it diminishes both the size and the functional capacity of the 
organ.*7 This may partly account for the changes in electrolyte metabolism 
which develop during adrenal insufficiency, but perhaps even more important are 
an increased uptake of Na and Cl, with an increased elimination of K from 
the cells of various organs (cf. sections on Electrolyte Metabolism). 

Adrenaline causes no striking structural changes in the kidneys of adrenal- 
ectomized animals, but DCA produces the same kind of nephrosclerosis as in 
intact animals.®* Indeed after adrenalectomy the nephrosclerotic action of 
DCA is perhaps even aggravated.” 

Adrenaline also fails to produce any consistent and typical renal lesions 
in intact animals. Only a slight diuretic effect is often obtained with small doses 
of adrenaline. This is allegedly due to an increased filtration pressure, occasion~ 
ed by a constriction of the efferent glomerular vessels, at a time when the 
Systemic blood-pressure is high.'°° 
aa ae it could be demonstrated that adrenaline opens the “renal ol 
a the typical deviation of blood from the >x to the med is 
t ee the hormone acts in the same manner ean 
he renal nerves. In both insta peau 
ng agents such as ergot So 


Nephrosclerosis produced b icoids i i 
y corticoids in the rat. — A. Normal kidney B. Experi 
; . -— B tal 
ia omgpoat wo produced by DCA. Note greatly enlarged glomerulus with transudsiiontet 
mae oe into the capsular space and dilated convoluted tubules, many of which 
contain hyaline casts. A medium sized arteriole (arrow) shows hyaline necrosis of its walls. 
(After H. Selye B1204/46.) 


Glomerular hyalinizati 
glomerulus ae 2 normed comet eee in the rat. — Ae h m 
idney. — B. Comparable glomerulus ‘rca 


desoxocortison 
sone treated ra = foeaaee 
suxsouaninng tadvclos at. Note hyalinization of several glomerular loo 
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In the chapter on the cardiovascular system we reviewed in detail that 
widespread hyalinos hich can be obtained in experimental animals with 
mineralo-corticoids h as DCA or desoxocortisone. We have seen that 


t) are especially sensitive to this effect but if suf- 

1 for a long period, most laboratory animals respond 

er. The renal vessels, particularly the glomerular 

irterioles, are much more subject to hyalinosis than 
are apparently almost immune. 

hologic changes detectable in the kidneys of DCA- 

tension of the convoluted tubules, with some hyper- 


some species (e.g.. 

ficiently large doses 

in essentially the sa 

capillaries and the after 

the larger vessels. I} 
Usually the first 


overdosed animals ai 


trophy and hyperplasia of the lining cells and a slight hyperemia of the glom- 
eruli, In comparative!) DCA-resistant species (e.g., dog, monkey) this con- 
dition may persist for many weeks and even months. Eventually, however, 
glomerular hyalinization and hyalin necrosis of the arterioles ensues; then the 


picture resembles an acute malignant nephrosclerosis. When the glomerular 
circulation becomes seriously damaged by hyalinosis the corresponding tubules 
undergo the well known transformation into “endocrine nephrons’. The 
proximal convoluted tubules lose their eosinophilia and brush border while 
their lumina disappear. Thus the originally tubular structures are transformed 
into more or less solid, diffusely basophilic cords. It has been our impression 
that these tubular changes, rather than any glomerular or juxtaglomerular 
lesion, are responsible for the resulting hypertension. As we have said else- 
where, it remains to be seen whether the increased production or the decreased 
inactivation of R.P.S. is more important in the pathogenesis of the ensuing 
hypertensive disease.’”". 

Desoxocortisone produces essentially similar renal changes. 

As judged by observations on the rat, the most evident change in renal 
function caused by DCA is a reduction in the PAH clearance, while the filtra- 
tion rate is maintained at a normal level. While there is no reduction in renal 
plasma flow, the filtration fraction is elevated per unit of tubular excretory 
tissue. Later, however, when the vascular lesions produce renal ischemia, 
filtration is seriously interfered with.° The increase in the rate of urine flow 
without an accompanying rise in glomerular filtration is ascribed to decreased 
tubular reabsorption of water.1* In the dog C (Inulin) and C (PAH) is 
increased while Tm (PAH) is decreased by DCA.1% In normotensive patients 
DCA diminishes inulin and diodrast clearances, while the peripheral renal 
vascular resistance (calculated by Lamport's formulae) rises. Experiments 
with water-soluble desoxycorticosterone glucoside showed that this compound 
lowers the tubular maximal capacity (TMG) *% and slightly raises the 
glomerular filtration rate and renal plasma.2° 

The oxygen consumption of the kidney itself falls under the influence of 
DCA. However, at the same time the renal parenchyme is damaged, while 
the stroma contains much proliferating granuloma tissue and som hence 
this may not be an indication of decreased resp: n 
cells. Indeed, the diminution of oxygen ¢ ptio: 
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these experiments it was “tentatively concluded that anox; 
is not involved in the production of DCA-hypertensio: 


1 of the renal tissue 


The acid phosphatase content of the rat kidney decreases under ihe aa 
of chronic DCA overdosage. This is particularly ob Nee 


‘ous in the proxi 
3 ees 4 i 
convoluted tubules. The functional significance of this chai mal 


Je is not yet Clear, 10te 
The various ‘conditioning factors” which influence the production of hyali 
osis by mineralo-corticoids have also been discussed (cf. Cardiov, Syst., p. Si 
ff.). To avoid unnecessary repetition, let us merely state here that among 
all the many electrolytes tested only sodium salts proved to enhance the nephros- 
clerotic effect of these steroids. Acidifying salts, such as ammonium chloride 
or calcium chloride and certain cation exchange resins which cause a sodium 
loss exert an opposite effect. Phosphates tend to precipitate insoluble calcium 
salts. These form calcified casts within the tubular lumina, thus causing renal 
tissue destruction. This also increases the nephrosclerotic action of DCA, 
probably through the same mechanism which is responsible for the sensitization 

by partial nephrectomy or nephrotoxic sera. 


| 
| 


acid ? caused cortisone 0 

Effect of DCA upon acid phosphatase in the kidney of the rat. — A. Distribution er pet Siven cholesterol az mg./day d 
phosphatase in the kidney of the normal control, The enzyme was determined ee proximal eroid. — The others are sections throu 
ly in ; te 


phosphate as a substrate at pH 4.7. N iti i i 
/. Note positive reaction especia 
convoluted tubules. ~ B. Kidney of rat which, after sensitization by anilatera : 


ee during 35 days. Note that some proximal tubules s' 
i others have apparently b i . Note 
in the glomerulus in the center of the field 2 id diiscaton 


tubules. eld and dilatation, as well as cast 
(Courtesy of Drs. M. Heel 


during 7 days) of cortisone. 
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-mphasized that potassium deficiency does not augment 
hyalinosis-producing action of DCA. This is note- 
1m deficiency is known to cause tubular hyperplasia 
veight. Histologically, these changes are more com- 
than the nephrosclerotic action of steroids and appear 
»mpensatory hypertrophy. Presumably they represent 
n of increased tubular work, which becomes necessary 
of very small quantities of potassium from the 


It has been especiall 
the nephrosclerotic al 
worthy because potass 
and an increase in ren: 
parable to the renotro} 
to be manifestations ol 
the morphologic expres 
whenever the re-abs¢ yrptior 
filtrate is of vital importance 


Effect of corticoid-overdosage upon the kidney, in the rat. All these animals were sensitized 
by unilateral nephrectomy and 1% NaCl. — A. Macroscopic appearance of heart and kidney 
in otherwise untreated control. On the right, corresponding organs of a rat heavily overdosed 
with DCA. Note numerous, white, nephrosclerotic nodules on the renal surface and great 
enlargement of the heart with the typical rounding of its apex. The animal developed pro- 
nounced hypertension. — B. Kidney of a rat acutely overdosed with large doses (5 mg./day) 
of cortisone and the same amount of DCA. Note that the renal effects of the mineralo- 
corticoid were aggravated by simultaneous gluco-corticoid treatment. Due to the glomerular 


Pigment deposition in a nephron following corticoid treatment, in the rat. This animal was 
esoxocortisone and cortisone. Note hemorrhage in glomerulus 


hyperemia, caused by cortisone, numerous glomerular hemorrhages occurred and the kidney chronically overdosed with both d 

i " at i i i i bule. Here we are 
assumed the t 1 “flea-bi i i arked hyper- near left edge of the field and intense pigmentation of the corresponding tu 
itt e typical ea-bitten” appearance. This animal also developed mar y! probably dealing with the storage of blood-pigment derivatives. (Selye 35935/ND.) 


tension, but, since it died after eight days of treatment, the heart was not yet enlarged. 
(After Selye 35935/ND.) 


The most characteristic acute renal changes produced by gluco-corticoids 
are a marked hyperemia of the glomerular capillaries and a shunting of the 
blood towards the medulla which becomes greatly congested. Upon prolonged 
treatment with high doses of cortisone, this change may eventually result in 
hypertension and nephrosclerosis. Simultaneous administration of gluco-cort- 
icoids (e.g., cortisone) and mineralo-corticoids (e.g., DCA and desoxocortisone) 
results in particularly severe renal changes and hypertension, especially in rats 
sensitized by unilateral nephrectomy and NaCl. Thus, the gluco-corticoids 
actually aggravate the renal damage caused by mineralo-corticoids, at least in 
Sensitized animals.1°8 


_In man, the “tubular secretion of PAH, following load administration, 
increased (up to 35 per cent) with cortisone. With ACTH no change in PAH 
—- ‘ ’ 


iN, 4 changes caused by simi 

1.25 dney of a rat (sensitized by unilateral n 
imac DCA + 1.25 mg. cortisone/day. No! 
contact Of the field, blood-containing 
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secretion occurred, but blood-levels were not as high after ACTH 
10S as : 
control periods”."""* duting 


In rats in which nephritis has been produced by anti-kid 


ney serum 
increased the blood-pressure, but curiously “the nephritic On 


tisone 


rats re 
tensive by the administration of cortisone presented no create hyper. 
evidence of renal damage than did normotensive control nephritic net gical 
Since partial nephrectomy is so effective in increasing the nephrotoxic Be aU) 
cortisone, it is difficult to understand why the partial destruction A ad of 
tissue by sera exerts no such effect. It must be kept in mind, howevenl Ney 
even DCA does not appear to aggravate an advanced nephritis caused by ae 
kidney serum “perhaps because of the unusual severity of the process resulting 
110 


from anti-kidney serum alone”. 

Kidney. — Intense renal lesions are produced by the various interventions 
on the kidney itself, which are in common use for the production of renal 
hypertension. These changes have also been described in the chapter on the 
cardiovascular system so that it will suffice here merely to recapitulate the most 
important facts. The “endocrine kidney” technique produces the most clear- 
cut and generalized transformation of nephrons into the solid “endocrine 
nephron” type. However, partial constriction of the renal artery, extensive 
partial nephrectomy, cellophane perinephritis, nephrotoxic nephritis, and indeed 
any intervention capable of producing renal hypertension, causes similar changes 
at least in certain nephrons, particularly those whose glomeruli have ceased to 
filter. We have already mentioned that in the endocrine kidney the acid phos- 
phatase decreases in total amount though its concentration remains normal. On 
the other hand, there is an almost complete disappearance of both arginase and 
alkaline phosphatase.'"! 

Hyalinosis is not observed in kidneys protected against high blood-pressure 
by partial constriction of their arteries. Thus an “endocrine kidney” can cause 
generalized vascular hyalinization in the opposite kidney and in extra-renal 
tissues throughout the vascular system, but remains protected itself.1¥2 Since 
the humoral milieu is obviously the same in both kidneys this experiment clearly 
shows the importance of physical factors (blood-pressure) in the production 
of hyalinosis. 
es formed by 


This protection is not only effective against humoral substance ay 


the kidney. Treatment with LAP for instance produces nephroscleros!s 
in the normal and not in the endocrine kidney.!"™ 

We have seen that under the influence of renotrophic a 
extracts both the glomeruli and the tubules become enlarged hy 
mitotic figures in the tubular epithelium show that in addition to hyper 
there is also actual hyperplasia. Following unilateral nephrectomy the con 
atory hypertrophy of the contralateral kidney is greatly enhanced by 
renotrophic anterior-pituitary preparations.!"4 jon it 8 

Although the endocrine kidney does not participate in urine formation The 
still responsive to the renotrophic effect of LAP '!* and testosteron?- 


nterior-pituitary 
and numerous 
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Endocrine kidney ,in the dog. — A. 
Macroscopic view of a cross section 
through the kidney of a normal control 
dog. — B. Similar view of the “endo- 
crine kidney” in a dog six days follow- 
ing partial constriction of the main 
renal artery. The cortex is sharply 
demarcated from the medulla; there is 
marked medullary hyperemia and cor- 
tical ischemia. The cortical portion of 
this kidney exhibited the characteristic 
yellowish light aspect often seen in the 
endocrine kidney of the rat and there 
were histologic signs of endocrine neph- 
ron formation .The animal developed 
marked hypertension. For technical 
reasons, in the dog this operation is 
much more difficult than it is in the rat. 
(Selye 35935/ND 


effect of LAP and testosterone on the non-excretory endocrine kidney shows 
that the renotrophic action of hormones is not merely secondary to an increased 
demand upon the excretory work of the renal tissue. 

The characteristic eosinophilic granules of the proximal convoluted tubules 
disappear rapidly after the endocrine kidney operation, but curiously they 
remain very evident if the animals are treated with a renotrophic steroid such 
as testosterone.!17 The functional significance of these histochemical changes 
in the endocrine nephrons is not yet understood. 

Other stimuli. — Among the other steroids, the testoids exhibit the most clear- 
cut renotrophic actions.48 This effect is much more marked in the mouse than 
in the rat. In the latter both the convoluted tubules and the glomeruli are 
\ enlarged but otherwise essentially normal, while in the mouse the cells of the 
Endocrine kidaey in the rat. — C. High magnification of an area from left “endoc®t poe parietal lamina of Bowman's capsule become very hyperplastic and assume the 

AP treated rat whose aorta was partially ligated between the two here jumind appearance of a cuboidal or cylindric epithelium.1”® This is merely an exagger- 


= parenchyme, although no secretion of urine occurs a an ation of the normal sex difference in renal structure which exists in most strains 
ial cells are well preserved and show no sign of degen Jumi of mice ' 
of same kidney under oil immersion. Note that tubular 


: : i “3 - vO! 
lial cells. A mitotic figure (arrow) is seen ee nel pol 


rmation near upper and lower right-hand corne’ 


: The renotrophic effect is much more prono 
* intact males,!2° probably because in man 


P ppe' oil 
— E. Another area of the kidney shown in A. Polymorph here under than castr. 
figure in center of field oted are hen Piss that of the ate male 
¢ divisions in these kidneys clearly indicate that 


small “endocrine kidney.” — F. Section through 4 
with LAP. Note proliferation of capillary e 

‘ar giant cells (arrows) similar to those seem 
ibres have been completely replaced by ¢ 
(After H- 


hyperplastic “male type” of 
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males, but not in females or castrates. Testosterone causes exaggerated 
plasia of the capsular cells in both sexes, but this is especially evident in bhi 
males or females in which these cells are otherwise inconspicuous.121 _ Castrate 


It is particularly noteworthy, that renotrophic testoids can enlarge the kid 
even considerably above the normal level.’** This should be pointed out ns ney 
‘ause 


earlier investigators claimed that testoids restore the weight of the bide 
castrate rats “to or towards normal, but are unable to cause supe 4 

"49 : m 
enlargements’’.!** a 


Comparative studies of the renotrophic and testoid actions have shown th 
although the most active renotrophic compounds are also testoid, there is at, 
strict parallelism between these two pharmacologic properties. Generally od 
ing, the saturated androstanediols and especially androstane-3(8), 17(a)-diol 
as well as the corresponding 17-methyl-androstanediol, proved to be the most 
active renotrophic compounds so far discovered.'** It appears however, that 
among the steroids there is a very close correlation between renotrophic and 
nitrogen-retaining potency.'*” 

The mechanism of the renotrophic effect is still unknown. As we have pointed 
out previously, even the non-excreting “endocrine kidney’ responds very dis- 
tinctly to the renotrophic effect of testoids. Hence this action cannot be attri- 
buted simply to increased work in connection with urine production. Since the 
most renotrophic steroids are also the best protein-anabolic compounds, there 
may be some correlation between the kidney-stimulating and the nitrogen- 
retaining effect of steroids. However, testosterone-treated mice survive bilateral 
nephrectomy longer than untreated controls. “These observations appear to 

be in contradiction with the conception that the effect of testosterone on the 
kidney is due to metabolic changes necessitating increased renal activity”.’”* 
It is more plausible to assume that under the influence of such protein-anabolic 
stimulation, the kidney participates most intensely, and most rapidly in the 
formation of new tissue, perhaps in order to prepare itself for the increased 
work, which may arise as a result of the newly formed extrarenal tissues. 

The possible relationship between potassium and_renotrophic action has 
already been touched upon. It will be recalled that, contrary to the statements 
of earlier investigators,!27 stimulation of the kidney by testoi 
interpreted as a consequence of a low blood-potassium level, Ww 
necessitate increased tubular reabsorption of K and hence increa 


work. Firstly, the testoids do not cause hypokalemia in rodents, alt 
Is so far examinee 


ds cannot 
hich wou 
sed tubular 
hough they 


do in man,'** yet they stimulate renal growth in all mamma hic 

Secondly, administration of excess dietary K fails to inhibit the renotrop 

action of testoids.!*" . 
renotrophi¢ 


The tissue-aldehyde content of the rat kidney is increased by 
testoids, especially along the cortico-medullary border-line, 
segments are located. This effect is diametrically opposed to t 
and progesterone, which deplete the tissue-aldehydes in this region. 
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ship between tissue-aldehydes and R.P.S. has repeatly been suspected, 
put the significance of the above-mentioned histochemical changes is unknown. 
Thyroxine, which causes considerable kidney enlargement in itself, presum- 
ably as 4 result of its general metabolic effects,'*! greatly augments the reno- 

trophic action of testoids.!""_ 
From a practical point of view it is especially interesting that renotrophic 
steroids, and especially testoids, proved very effective in protecting the kidney 
d in accelerating the compensatory renal hypertrophy follow- 


relation 


ainst damage an 


partial destruction of this organ. Thus it was found that after partial 
nephrectomy the compensatory hypertrophy of the remaining kidney is greatly 
enhanced.'** Renotrophic testoids also protect the kidney against the nephros- 
clerotic action of DCA,'* the pressure atrophy caused by unilateral ligature 
of the ureter,'** the tubular necrosis caused by mercury,’ the glycosuria and 


tubular damage elicited by heavy overdosage with phlorhizin,'** and the so- 
called toxic nephritis caused by uranium nitrate.° The loss of renal weight 
during starvation is likewise counteracted by renotrophic steroids. '” 

Only a few pertinent clinical observations have so far been published and 
their results are somewhat controversial. It has been claimed that testosterone 
is useful in the therapy of various urological disturbances associated with male 
hypogonadism,'*” gynecological disorders “*' as well as in the protection of the 
kidney against the nephrotoxic actions of cholera.’” 

In the light of all these positive findings we must not be discouraged by the 
fact that under certain experimental conditions testosterone and its derivatives 
proved inaffective; for instance, in preventing sublimate damage to the kidney 
of rats,'** the nephritis induced in rats by rabbit anti-kidney-serum * or renal 
damage in patients suffering from certain kidney diseases." It is obvious that 
the relative dosage of the kidney-damaging and renotrophic compounds, 
the time-interval between the administration of the toxic and protective subs- 
tances, etc., must all be properly adjusted in order to obtain good results. 
Testoids cause marked mitotic proliferation of the tubular epithelium and 
during division, cells are unusually sensitive to damage. The experiments on 
the enhancement of compensatory renal hypertrophy after surgical ablation 
of kidney tissue show most convincingly that under suitable conditions regen- 
eration is facilitated by renotrophic steroids. Hence, it would appear worth- 
while to verify the value of such therapy, if not as a preventive, at least as an 
adjuvant in the treatment of diseases which cause considerable renal des- 
truction,!46 

Unlike the testoids, folliculoids tend to cause 
serge the kidney, this is usually due ey 
Changes, not to any true renotrophi 


enal atrophy. When they 
ment of the degenerative 
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In hamsters, folliculoids may produce metastatizing, mali 
tumors." or gnant renal 
Thyroxine tends to enlarge the kidney, without causing neste 
due to hypertrophy and hyperplasia of its normal constituents ‘sclerosis, 
thyroxine stimulates, thyroidectomy or thiouracil treatment inhibit bone 
Om- 


pensatory hypertrophy induced by unilateral nephrectomy in the ra¢,t49 
this is pertinent to our problem since thyroxine may be discharged aa All 
influence of systemic stress. Furthermore, even the normal blood eleee Fi ine 
hormone probably influences the renal actions of other materials (awa 
mineralo-corticoids and renotrophic anterior-pituitary principles) octal - 

larly discharged during the G-A-S. ax 
more regularly arg g 

Extensive partial pancreatectomy causes nephrosclerosis in the rat, wheney 
. eats , er 
it leads to severe chronic diabetes. The changes thus produced resemb! 
those caused by alloxan (see above). ¥ 

Adrenergic blocking agents (e.g., ergot derivatives) prevent the opening 
of the “renal shunt”, which is normally produced by adrenaline, anoxia or 
direct stimulation of the renal nerves in the rabbit.'°* 

Anti-histaminics (e.g., antergan) inhibits the development of nephritis and 
proteinuria in rabbits treated with anti-kidney sera,!’" or DCA (cf. above). 

As we have said above, it is particularly interesting that protein- and/or 
sodium-rich diets greatly enhance both the renal enlargement and the pro- 
duction of nephrosclerotic changes in rats exposed to stress (e.g., cold). 

Albino rats kept on a high-sodium or high-potassium diet, but given no 
water, are severely damaged and show hyperemia of the glomeruli, the forma- 
tion of solid “endocrine type” nephrons accompanied by extrarenal manifes- 
tations of the G-A-S. “The reaction in these animals then could be considered 
to be a non-specic reaction, a part of the general-adaptation-syndrome’. On 
the other hand, the Desert Kangaroo Rat, which is very resistant to water 
deprivation, does not manifest such changes under comparable dietary 
conditions? 

Potassium deprivation on the other hand caused marked 
renal tubules in the rat. This was accompanied by a myocar 
reminiscent of that produced by DCA, but without the massive h 
characteristic of the latter25° 

It has been claimed that overdosage with ascorbic acid prevents the oe 
enlargement usually caused by exposure to cold in the rat.‘ Further an 

— BS de however, to show whether this action of vitamin-C is direc 
oaly against the renal changes induced by cold, or whether it could 
against any alarming stimulus. , 
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Primarily renal diseases. — We have emphasized that 
atiog is the organs which regulate the G-A-S, are allo « 
descmbed as a disease of adaptation. In this sense. 
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affecting the function sf the kidney could be regarded as a primary disease of 
this organ of adaptation. Attempts to classify disease according to any principle 
will meet with the diffic ulty that there is necessarily a great deal of overlap 
between the individual groups, since usually the entire organism participates 
in any major derangement. Indeed, an “incidental” complication is often the 
immediate cause of death (e.g., apoplexy or lung edema in cardiovascular 
disease, cardiac decompensation in malignant diphtheria). Furthermore many 
diseases belong with equal justification to several accepted classes; it would 
be difficult to decide whether subacute bacterial endocarditis should be grouped 


with the “infectious” or the “cardio-vascular” diseases. We therefore emphasiz- 
ed that only those maladies in which a derangement of the G-A-S mechanism 
is the major factor, should be classified as a disease of adaptation. This formul- 
ation immediately calls to mind the lack of precision and the subjectiveness of 
such definitions. Yet this manner of grouping disease is no less precise than 
any other used in standard textbooks of medicine and we feel that it is useful 
for the understanding of many pathologic phenomena to examine them primarily 
for the derangement in adaptation which they cause. 

Among the diseases which affect the kidney directly, embolic nephritis, 
ascending pyelonephritis, toxic nephritis and nephrosis due to the direct 
renotoxic action of certain compounds (e.g., mercury, uranium nitrate), 
compression of the renal arteries (e.g., by local scars or neoplasms), mal- 
formations of the kidney, etc. Indeed perhaps primary renal tumors may even 
raise the blood-pressure through increased RPS production by the neoplastic 
cells.152 All these could be regarded as primary maladies of this adaptive organ 
which may secondarily lead to derangements of the G-A-S mechanism, by 
interfering with the participation of the kidney (hormone production, excretion) 
in homeostasis. We mention them here merely for the sake of completeness 
since they are not strictly within the province of this volume. 

Much more pertinent to our topic are the secondary renal diseases of adapt- 
ation, that is, changes in the kidney which are the direct result of maladaptation 
to stress. However, we are only beginning to learn about the participation of 
the corticoids and the kidney in the homeostasis of the blood-pressure, hence 
it is impossible at present to discuss adequately the pathogenesis of the second- 
ary renal diseases of adaptation. Nevertheless, in the following pages we 
shall attempt to give a brief outline of the most obviously pertinent conditions. 
., Crush syndrome. — Attention has recently been focused upon the so-called 

crush syndrome” especially as oO tions made on civilian 
Casualties during the second , This entity has been 
Sescribed under many nam ; ic uremia, 
Ower Rephron re 


cute 


634 RENAL DISEASES OF ADAPTATION 


In the previous pages we already referred to this syndrome sj 
stressors are capable of eliciting it. Let us add here that this 5 
is chiefly characterized by delayed shock-like clinical manifestatj 
terminating in uremia. However, in the event of recovery the ble. eo often 
tends to rise above normal,’ perhaps because of an activation t hai. 
pressor mechanism. of the renal 

Morphologic studies revealed that the kidneys are usually enla 

congested. If one makes a section through the kidney, the cortex ce: and 
be anemic, swollen and tends to protrude above the surface, while hee i 
is often hyperemic and the cortico-medullary border line indistinct Meee 
copic examination shows that the tubules are dilated and the epithelial ell 
reveal various degrees of degeneration, sometimes even complete nec eel 
While some observers believe that the degenerative changes involve aa 
the proximal '* or distal “lower'’ segment of the convoluted tubules,1% site 
claim that all parts of the convoluted tubules are almost equally involved wt 
Often the tubular epithelia contains acidophilic, hyalin granules and many calls 
are desquamated into the lumen. This may be accompanied by the formation 
of hyalin, cellular or blood-pigment casts. Occasionally there are phenomena 
of cellular regeneration (“endocrine nephrons’ ?) and sometimes the dilated 
damaged tubules perforate into engorged venules. The glomeruli may be 
congested and edematous, the capsular space being filled with protein precipit- 
ates; however, usually they are less seriously affected than the tubules. The 
interstitial tissue tends to be edematous and is often infiltrated with lymphocytes, 
plasma cells and polymorphonuclear leucocytes.'"* 

Significantly, the adrenals of patients who died from the crush syndrome 
often showed extensive infarction,1®** such as is characteristic of an extremely 
acute A-R. 

As regards the pathogenesis of the crush syndrome, a number of theories 
have been proposed. It has been claimed that widespread erythrocyte des- 
truction could liberate hemoglobin, and muscle damage myohemoglobin, during 
crush injuries and various intoxications. Such heme compounds would then tend 
to precipitate in the renal tubules and damage the kidney. Under normal con- 
ditions hemoglobin and myohemoglobin are not particularly nephrotoxic but 
some investigators hold that highly toxic derivatives are formed and heme- 
casts are precipitated if the reaction of the urine is acid.’ 

Perhaps other nephrotoxic substances are also produced by th 
has been shown that a substance causing renal damage can be ex 
ithe muscles of limbs which have been tightly bound for some hours, 
from normal muscle.'”” 
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imental animals choline deficiency causes hemorrhagic lesions in the 
kidneys and the liver (cf. p. 613). These have also been compared to the 
“fulminant form of the so-called hepato-renal syndrome. Its possible dietary 
origin and control may have practical significance beyond the specific pathologic 
jon in question, and may extend to the humoral regulation of blood- 
including shock-prevention and vascular reactions to hemorrhage”’.'™ 
possibilities have been considered '’* but none have 
actually been proven to be invariably related to the development of the crush 
syndrome. From our point of view it is interesting that this condition can 
following exposure to the most diverse stressors such as: infections, 
transfusion with incompatible blood, hemorrhage, traumatic injuries, intestinal 
obstruction, severe hepatic disease, intoxication with a variety of drugs.’” 
In fact, several investigators emphasized that the only common denominator 
which seems to characterize the conditions conducive to the ‘crush syndrome” 
state of shock due to systemic damage.!* Since this syndrome is often 
other typical manifestations of the A-R (gastric ulcers, adrenal 
it may be related to the 


In expert 


condit: 
pressure. 
Many other theoretic 


occur 


is a 
accompanied by 
enlargement with lipid discharge and so forth) 
G-A-S.'" 

The possible rdle of corticoids in the production of the crush syndrome is 
suggested by some of the experiments which we discussed in the preceding 
pages. Very acute overdosage with cortisone, or mixtures of cortisone and 
mineralo-corticoids, cause medullary hyperemia with the formation of heme 
casts, degenerative and regenerative changes in the tubules which eventually 
may result in death from uremia. These changes are rather reminiscent of the 


crush syndrome. 
Bilateral renal-cortical necrosis. — Symmetrical, bilateral necrosis of the 
renal cortex can occur in combination with preéclamptic manifestations during 
pregnancy and especially after difficult deliveries complicated by considerable 
loss of blood. However, under certain conditions it may also occur outside 
of pregnancy, especially in combination with hypersensitivity reactions.'™ 
Since this syndrome tends to develop after exposure to some allergen or 
major stress it should be considered as a possible disease of adaptation. 
The shunting of the renal circulation towards the medulla has already been 
mentioned as characteristic of the crush syndrome and of acute corticoid 
overdosage. It is particularly marked after the endocrine kidney operation, 
indeed the latter may be associated with renal-cortical necrosis if the con- 
stricting ligature is too tight. The relationship betweén the “renal shunt” 
mechanism and bilateral cortic discussed by several 
investigators.'7 It is also n bilateral cortical 
necrosis tend to occur in ( 
Several case yf th 
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it is quite possible that the association with hypophyseal 
is purely coincidental, it is well to keep in mind that deran 
and corticoid production tend to increase susceptibility 
reactions. Since increased vasopressin production 


or adren ie 
gements of Aces 


A-R it is perhaps also pertinent that this pressor principle may cane i 
bilateral renal-cortical infarction in experimental animals (cf © extensiv, 

We have already mentioned that choline deficiency tend above) © 
extensive, bilateral, hemorrhagic cortical infarction in the pat Th fo Produc 
has therefore been considered that bilateral, symmetrica| cottical possibilty 


man may also be partly dependent upon conditioning by dietary fact 
Ctorg,183 


Nephritis in general. — The various forms of nephritis have aise 
pathologists because they can appear following — and probably se 
— such diverse noxious agents as tonsillitis, colds, scarlet fever, influ 
infectious diseases, exposure to cold, pregnancy, intoxication w 
drugs and allergic conditions.’** Although it is customary to 
a variety of allegedly quite different nosologic entities, a comparative ‘ 
study in patients “...emphasized the non-specificity of lesions observed qa 
glomerulus of the kidney and offers this non-specificity as an explanenal the 
many similarities in the signs and symptoms of renal diseases'’.185 It haste 
been pointed out “that the transudation of protein through the glom Ric 
capillaries represents a classical example of “albuminuria into the tasers in 
the sense of a serous inflammation.!** “Sandh 

A critical analysis of the various forms of hemorrhagic nephritis show 
that “the clinical pictures encountered are extremely varied. In the initial ie 
the onset may either be acute and fulminating or insidiously symptoniess ane 
disease process may pursue a variety of courses. The initial phase can heal 
completely or it may pass through a subacute to a chronic, active state, or 
again to a latent phase. The chronic, active or latent phases can result in 
healing or may progress to a terminal stage of renal insufficiency by a series 
of acute or subacute exacerbations of activity. A nephrotic form of hemor- 
thagic nephritis, which is distinguished from true nephrosis with difficulty, 
is often encountered in the subacute or chronic active stages’’.187 : 

Depending upon the predominant manifestations of the disease, it is custom- 
ary to distinguish acute, subacute, chronic (diffuse or focal) glomerulonephritis, 
embolic glomerulonephritis, acute tubular nephritis and acute interstitial 
nephritis from each other and from the primarily vascular types of nephroscler- 
pt dag iia! ep ain forms suggest a close relationship as regards me 
ae ate <a The most acute type of non-specific sie 

mised et et ie the crush syndrome and perhaps also by he 
say “ Ae = cortical necrosis. _The acute, subacute and c wate 
eel al a siecar oe intermediate position, while nephrosclerosis an eit 
saad Anenech pent ney aoe the most chronic forms of et, a 
be elicited by a ee ay te wt these nepheitides [ee identa 
sondunepted te ckes a fo) stressors and it may well depend HBP in 
diet, specific acti f ‘§., intensity of the stress, hereditary pre por take. 
1ons of individual stressors) what course the disease W! 
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diffuse glomerulonephritis is clinically often associated with an 
; tion by streptococci (in association with scarlet fever, tonsillitis and 
8 rheumatic fever or erysipelas), more rarely pneumococci or other 
sometl “The fact that no organisms are present in the kidneys indicates 
geet renal lesions are probably toxic in origin, but the nature of the toxin 
that ¢ de of action are still unknown’’.‘‘* There is much to suggest that 


Acute 


and its mo 


excess of corticoids is involved. Studies with radio-sodium suggest that 
a elimination of sodium is delayed in nephritics 18° somewhat like after DCA 
tverdosage: Furthermore, corticoids can cause nephritis in rats (cf. above) 
° 


pr experimentally produced adreno-cortical tumors are often associated with 


Jomerulonephritis in mice. 
The various sodium-deficient diets — for instance the rice diet — are some- 


times strikingly effective in cases of nephritis with hypertension and congestive 
cardiac failure.% It will be recalled that sodium deprivation also protects 
against the renal damage produced by corticoids. 

Preliminary communications suggest that ACTH causes remissions in cer- 
tain cases of acute or subacute glomerulonephritis.1% This is somewhat unex- 
pected in view of the severe renal damage obtained by heavy overdosage with 
corticoids in experimental animals. It is possible, however, that at a lower dose 
level the glomerular hyperemia induced by gluco-corticoids may be advant- 
ageous, especially in those cases of nephritis in which the glomeruli become 
anemic as a result of edema and proliferative changes in the capillary walls. 
Even when temporary benefit appears to be obtainable by ACTH or cortisone 
therapy, it remains to be shown whether prolonged treatment would not be 
detrimental. In any event it is too early to discuss the possible mechanism of 


alleged improvements since other investigators, who used ACTH, obtained 
190¢ 


a¢ 


no remission in nephritis. 

Many investigators believe in an allergic etiology of glomerulo-nephritis, 
perhaps as a result of “auto-antibody’’ formation against kidney tissue '' 
and there is ample evidence to show that anti-kidney sera can cause nephritis 
in animals (cf. above). In support of this view it has also been mentioned 
that sulfonamides and other allergens are especially conducive to nephritis 
and that this is often accompanied by periarteritis nodosa in extrarenal vessels, 
a lesion considered to be rather typical of allergy.” 

In this connection it is especially interesting that anti-histaminic drugs often 
appear to be very beneficial in the treatment of nephritis.'°** 

Allegedly, the serum of nephritic patients — unlike that of normal individuals 
— can cause diffuse capillary leakage 1°° or even typical nephritis 194 in exper- 
imental animals. However, the active principle (allergens, toxins, corticoids ?) 
have not been identified and these claims require confirmation. 

The nitrogen mustards resemble gluco-corticoids in that they exert a direct 
lympholytic action. It is interesting therefore that they may cause spectacular 
remissions in clinical glomerulonephritis.!%* 
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War-nephritis (trench nephritis). — This is an acute glomerule. 
which tends to develop in soldiers — but sometimes also in n 
tion — upon exposure to cold, dampness and inadequate hygienic ie. 
Allegedly, among those afflicted by this disease, many “ ware ‘s 
sensitization, which facilitates the outbreak of allergic dineies fa of 
specific stimuli such as cold and fatigue’.'"* Most students of thie ” DOR 


ascribed a prominent réle to systemic stressors such as cold, infecting 

parasites, fatigue and allergic hypersensitivity reactions.'% S, sk 
There appears to be a generalized capillary damage even ee 

tissues '"7 and this may account for the frequent occurrence of lung eden 


Severe capillary damage in the diencephalic region may also accompan 

nephritis and it has even been postulated that the hypertension and Bh 
of these patients is not the result of the renal damage but the direct conse na 
of the accompanying so-called ‘‘war diencephalosis’”’.!” Tenke 

Significantly, in many cases the E.S.R. is increased." In the renal glomeruli 
there is thickening of the basal membranes and proliferation of nuclei in ce 
glomerular capillaries, but sometimes certain loops become entirely devany 
of nuclei and necrosis ensues. At the same time, the mucosa of the renal pelvis 
becomes edematous and infiltrated by lymphocytes and histiocytes,2018 Often 
there is a concomitant severe myocarditis.2""" All these changes are very 
similar to those which we produced in experimental animals by exposure to 
cold, LAP and corticoids. 

It is perhaps also worth mentioning in this connection that nitrogen 
mustard and typhoid vaccine — two typical alarming stimuli — may cause 
temporary remission of the clinical manifestations in human glomerulo- 
nephritis." We mention this merely because it appears to be yet another 
example of non-specific therapy by an acute stressor in a disease apparently 
elicited by another non-specific stressor. This is rather reminiscent of 
“crossed-resistance" as we also see it, for instance in rheumatoid arthritis 
after exposure to stress. 

Dietary factors also play an important réle in the production of war- 
nephritis. It is especially noteworthy that withdrawal of food and drink during 
the first few days greatly reduces mortality from war-nephritis, although the 
condition may then pass into one of chronic nephritis.2°* Conversely, among 
people who had to spend a long time in subterranean caves during the second 
World War, acute diffuse glomerulonephritis appeared in a large number of 
cases upon return to normal life and food.2%# 

On the basis of such observations certain types of nephritis including wat 


aephiths have been considered to be typical examples of diseases of adapt- 
ation.” 


Nephrosclerosis and the Kimmelstiel-Wilson syndrome. — In descaa 
the renal changes produced in experimental animals by stress (¢-9- ie 
foreign proteins), LAP or corticoids, we emphasized their similarity to t 
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athic’” malignant nephrosclerosis of man. It has also been shown that 


“jdiop ve partial pancreatectomy or alloxan diabetes, if conducive to prolonged 


extens! ia, tends to cause essentially similar lesions in animals (cf. above). 
lied “intercapillary glomerulosclerosis” or “Kimmelstiel-Wilson syn- 
The an a constant accompaniment of the nephrotic syndrome in diabetics, 
ae itles is clinically characterized by albuminuria, hypoproteinemia, hyper- 
vpojesterolemia, edema and hypertension. Histologically, the lesions do not 


iffer markedly from those of glomerulosclerosis in non-diabetic patients, 
bat h in the Kimmelstiel-Wilson syndrome the hyalinization appears to be 
a i llacy and usually begins at the center of the glomerular tuft.2°* Such 
be differences may well be due to “conditioning” of the response by the 
eaidboltc disturbances typical of diabetes. It should also be kept in mind 
that it is usually impossible to determine whether a hyalinized focus within a 
Jomerular tuft results from the complete hyalinization of an entire loop or 
the deposition of hyalin between loops. 

Significantly, pyelonephritic changes — similar to those experimentally 
produced by LAP — frequently accompany the Kimmelstiel-Wilson syn- 
drome.20 

Nephrosclerosis frequently develops as the chronic stage of a preceding 
nephritis. We do not believe that the pathogenic mechanism is necessarily 
quite different if an initial acute nephritic stage is absent. In either case the 
hyalinization and sclerosis of the glomeruli and arterioles may be largely 
dependent upon abnormal or excessive corticoid formation during stress, 
although undoubtedly incidental conditioning factors can impart a certain 
degree of specificity to the aspect of the resulting lesions. In this sense renal 
changes of the Kimmelstiel-Wilson syndrome may also be regarded as pre- 
dominantly due to a derailment of the G-A-S mechanism.”"? It will be recalled 
in this connection that some authors brought forth evidence suggesting that 
even the diabetes itself is a disease of adaptation (cf. Diabetes). 


Nephrosis. — The réle played by derailments of the G-A-S in nephrosis 
has not yet received as much attention as it would deserve. It has been noted 
that an acute intercurrent illness may be followed by a permanent regression 
of the symptoms of lipoid nephrosis.2°** The urinary excretion of mineralo- 
corticoids is increased in nephrosis.2°"® Furthermore, many manifestations of 
clinical nephrosis are duplicated by DCA overdosage in animals, for instance 
the edema tendency, tubular changes and hypercholesterolemia. 

Data concerning the effect of DCA, cortisone and ACTH upon the serum 

lipids of man are somewhat contradictory *°'* (cf. also p. 145), perhaps 

because up to now systematic studies on a large scale have not yet been 
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roteinuria, as \ ell as an increase in plasma proteins. 
is and sodium excretion occurs only upon discontinuatio 
that intermittent administration of the hormone may b 


Sometimes the 
qjures n of the treat- 
ment 5° . e desirable. 

It is tempting to assume, in the light of these observations, that the beneficial 


of intercurrent infections upon the course of nephrosis (e.g. 


gad P 


effect ; .ay Belaeeee remissions 
caused by measles) may be largely due to endogenous ACTH discharge. 
Physiologic pes Various alarming stimuli (e.g., muscular exer- 
cise, injection of formaldehyde or histamine) cause albuminuria in rabbits, 
These and other observations led to the Suggestion that the so-called physio- 
Jogic albuminuria sometimes observed in stress situations is part of the A-R.207! 
Pullet disease or ‘avian Bright's disease”. — In the fowl, a spontaneous 
disease resembling 5 ht's disease of man has been known for some time 
under such names a llet disease, blue-comb disease, contagious indigestion, 
cholera-like disease immer disease, etc. It has been reproduced in fowl by 
excessive doses of N 1 mineralo-corticoids.2°§ Since the fowl is particularly 
sensitive to sodium oxication, it develops nephrosclerosis, even without 
excess mineralo-corticoid administration, if its diet contains large amounts of 
NaCl. Probably, in many instances the spontaneous pullet disease is merely 
due to the ingestion of excess sodium chloride. It remains to be seen whether 
it could also result from corticoids produced as a result of exposure to stress. 


Theories and Summary of Observations Concerning 
the Participation of the Kidney in the G-A-S 


The changes which occur in the kidney during the G-A-S are so intimately 
related to the renal blood vessels that they had to be considered in the chapter 
on the Cardiovascular System to which the reader is referred. 

Let us merely re-emphasize here that the kidney is a particularly important 
organ of adaptation. It helps to maintain homeostasis both through its excre- 
tory activity and through the production of blood-pressure-regulating humoral 
products. Under the influence of a variety of stressors, the kidney undergoes 
essentially similar structural and functional changes, which are not specific 
of any one eliciting agent. They can be reproduced in their most non-specific 
form by the administration of LAP, corticoids or RPS. If such lesions are 
Severe, they may be conducive to disease and even death. 

Among the spontaneous renal maladies which are considered to be pre- 
dominantly diseases of adaptation we mentioned: the crush syndrome, bilateral 
renal-cortical necrosis and various types of nephritis and nephrosclerosis. 
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Effect of rice 
nephrotic stage 
ance of edema, 


diet in nephrotic stage of chronic glomerulo-nephritis. 13-year-old girl in the 
of chronic nephritis with marked edema and hypoproteinemia. Note disappear- 
pleural infusion and ascites during administration of the rice diet. 

(After Kempner B45953/49.) 
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RESPIRATORY SYSTEM 


Systemic Stress 


Animal experiments. have shown that in the lung “ongestion, ede 
dilatation of the perivascular lymphatic spaces and plasma-transudation Pa 
0 


the alveoli are common and typical manifestations of the A heat Me: 
are sometimes conducive to acute pneumonia. At the same time pleural t, 
sudates are often observed, especially if the A-R is produced by pened an- 
interventions. It is noteworthy however, that certain agents (e.g,, es 
heat, adrenaline injections) have an especially marked tendency to Produce si 


A-R accompanied by severe pulmonary manifestations. Apparently the partici. 
pation of the lung is highly subject to incidental conditioning influences. 


Observations on patients who died from “secondary shock" as a result of 
exposure to diverse alarming agents (trauma, hemorrhage, infection, anesthesia 
burns, drugs, anoxia, intestinal obstruction, allergic reactions, etc. ) showed 
that pulmonary hyperemia or edema and pleural transudates are also common 
manifestations of the A-R in man. When death is delayed 48 hours or longer, 
a secondary or terminal pneumonia often occurs. Some degree of atelectasis 
and hemorrhagic infarcts suggesting embolism, were found in many cases, 
Impairment of the circulation and filling of alveoli with albuminous fluid have 
been considered to play a very important réle in the pathogenesis of this pneu- 
monia. Since these pulmonary lesions are associated with other manifestations 
of the A-R (adrenal stimulation, gastric ulcers, etc.),2 we are inclined to 
believe that they actually represent part of the A-R. 


The phagocytes of the alveolar lining normally take up very few carbon 
particles after intravenous injection of India ink. However, they become highly 
active in phagocytosing this substance during an A-R, for instance one pro- 
duced by cold, forced muscular exercise or spinal-cord transection.* 


The following observation is also of interest in this connection. Leuco- 
cytes marked with radio-active phosphorus (P*2) cause a pronounced imme- 
diate fall in the blood-leucocyte count. Since cell-free aqueous extracts of 
leucocytes produce a similar leucopenia the reaction is probably humorally 
mediated. The distribution of the radio-activity shows that almost 50% © 
the injected leucocytes are retained in the lungs, while the liver (209%) an 
spleen (1%) retain much less.t Both this selective retention of phagocyt’ 
leucocytes by the lung, and the above-mentioned stimulation of phagocytos® 
by the sessile pulmonary macrophages probably participate in the defens 
phenomena of the A-R. The widespread disintegration of lymphocytes dui 


. 2 
the caryoclastic phase of the A-R, may well act in the same manner Gey 


intravenous injection of leucocytes or leucocyte-extracts. 
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first sight it is difficult to appraise the purpose, if any, of the selective 
von of phagocytosis by the alveolar epithelia or the accumulation of 


ic leucocytes in the lung. Perhaps these reactions help to protect 
hagoe pneumonia: by phagocytosis they might help to clear the pulmonary 

‘i ah from the trai sudate formed as a result of increased capillary perme- 
veo 


Stimulation of pulmonary macrophages during the A-R in the rat. — A. Lung of normal rat 
following intravenous injection of India ink. Note almost complete absence of pigment granules. 
~ B. Lung of a rat in which an A-R was produced by exposure to cold during 24 hours. Here 
the same amount of India ink was injected intravenously as in Fig. A, but due to stimulation 


of R.E.S. macrophages, much of the pigment is retained in the lung. 
(After Timiras and Selye B36271/49. ) 


The principal characteristic features of this pulmonary reaction (especially 
the congestion, atelectasis, transudate and exsudate formation in alveoli, often 
conducive to hemorrhagic lung-edema and even secondary pneumonia) have 
Tepeatedly been described in man and animals exposed to a great variety of 
alarming stimuli. Among these stressors ar ° hemorrhage,° extensive 
surface burns,’ exposure to hea e to heat-s 
ezing of certain parts o 


J Clegho: B2 
* Eaton B38701/47, i 


644 RESPIRATORY SYSTEM 

radiations of the atomic bomb,'2 or even severe solar irradiation,1s 

various kinds of infections (especially those conducive to fever) ix 
an 


allergic reactions.’° . 
A great variety of intoxications with drugs ‘* produce similar 


changes. Of course those which act directly upon the lung such a: ie 
gases’ are especially effective in this respect,” but this is largely due to | 

actions and not to systemic stress. However, transcutaneously applied , ' 
icants'® and even the so-called dehydration shock” (elicited by the ne 
cutaneous injection of 25% NaCl solution in the dog) causes : 


with petechial hemorrhages in the visceral pleura.*’. 
Sulfa drugs may produce pulmonary lesions reminiscent of “rheumatic rd 


ia 
gr undernourished concentration camp inmates of World War ] 
edema, atelectasis and inflammatory infiltrations in the lungs (particularly 
broncho-pneumonia) were common, especially in those who developed wena 
alized hunger edema. These changes tended to be accompanied by a decrease 
in the mucous secretion of the bronchial tree, the development of bronchial 
catarrhs and sometimes even pulmonary abscesses and gangrene.22 


Stimuli Influencing the Response of the Respiratory System during the G-A-§ 


Allegedly the catabolism (loss of weight) of pulmonary tissue is even more 
completely inhibited by adrenalectomy in the starving rat than that of lym- 
phatic tissue.?** 

We know very little about the humoral factors which influence the respira- 
tory organs in the course of exposure to systemic stress. Toxic doses of 
adrenaline tend to cause very acute hemorrhagic lung edema in various 
animal species. Even the endogenous discharge of adrenaline into the blood- 
stream can elicit fatal lung edema, for instance in patients with chromaffin- 
omas.”* It is possible therefore that during the A-R, the acute pulmonary 
congestion with subsequent edema and inflammation may also be provoked, 
or at least enhanced, by the characteristic adrenaline discharge which occurs 
during the acute phase of exposure. 


Curiously, “it has been shown that an A-R produced by treatment with 
adrenaline, formalin, exposure to cold, forced exercise, or surgical traum® 
increases the resistance of the rat to the subsequent intravenous injection © 
lethal doses of adrenaline. This observation eliminates the possibility that the 
A-R increases resistance only because it delays the absorption of toxic ne 
into the blood stream”. Examination of the lungs revealed that in the previonty 
alarmed rats, unlike in the controls, adrenaline actually failed to produce t 
characteristic lung edema”.* It has therefore been suspected that during 
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ter-shock the A-R can protect the lung against edema formation by the 
cenomenon of “crossed resistance”. 
en F 
This view received further support from experiments on bilaterally nephrect- 
mized rats which were given large quantities of physiologic NaCl solution 
oO 


travenously- Such treatment regularly causes fatal lung edema, yet even here 
™ revious A-R (cold. muscular exercise, trauma or histamine injections) 
xerted its usual protective influence.*® 
‘ Various antihistaminics ™ and adrenergic blocking drugs *' likewise prevent 
adrenaline lung edema ilthough the results with phenergan have not been 
uniformly confirmed [he lung-edema-preventing action of the antihistaminics 
may be due to their general transudation-inhibiting effect, while perhaps the 
adrenolytics act by virtue of their specific adrenaline-neutralizing properties. 
However, since so many other alarming stimuli produce similar effects, the 
role of mere systemic stress must be examined in every case before the specifi- 
city of this action is accepted. 


It has been claimed that substances belonging to the vitamin-P group (e.g., 
rutin) can be assayed by their ability to prevent hemorrhagic lung edema form- 
ation in mice exposed to decreased barometric pressure. However, the specificity 
of this test was questioned because numerous other drugs, e.g., glycol, glucose *” 
and ascorbic acid *° exert a similar protective effect. Since, in the doses given, 
these protective compounds were rather toxic, they may have acted by eliciting 


an A-R. 
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Lung of normal rat. — 
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Pulmonary abscesses following cortisone treatment, in the F 

Multiple hemorrhages (red) and necroses with abscess fo 
tat receiving 15 mg. of cortisone/day d 
pecroals with abscess formation in a sim 
2 rounds such abscesses. Multiple a 
in the livers of rats treated with ver 
secormally circumscribed and lat 
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Mineralo-corticoids predispose to the fppmation of lung edema an 
lobar pneumonia as a result of capillary leakage.’ Gluco-corticoidg even 
other hand combat the formation of lung edema or lobar ON the 


5 Pneumonj 
(at least in the rat) they predispose to the formation of pulmonary ie bin 
presumably due to a diminution of resistance against the normally non. €sses, 
genic microbes of the bronchial tree.** Patho. 
Antihistaminics prevent the “mesenchymal defense reaction” rs 
proliferation, edema, hyperemia, hemorrhages) in the lung of animals ie 
1D- 


iting anaphylactic or papain shock.®® Here again the p: 
been due to “crossed resistance . 


The mechanism through which the A-R prevents lung edema is net 
understood. It is possible that alarming stimuli act becouse they nee 
gluco-corticoids or because they cause a mild adrenaline discharge, A oneal 
injection of adrenaline notoriously diminishes the response of the lung to s 
subsequent toxic dose. The pronounced stimulation of phagocytosis by rt 
histiocytes of the alveoli could also intervene inasmuch as it may expedite the 
reabsorption of transudate. Finally, the effect of the A-R upon capillary 
permeability in general (increased during the shock-phase) may deviate fluid 
from the lung to other tissues. 


tection may hay 
e 


Since in clinical medicine, pulmonary complications are a very common and 
serious accompaniment of various infections, intoxications and other kinds of 
acute systemic stresses, a further analysis of the production and prevention of 
lung edema by the A-R would appear to be most rewarding. 


Respiratory Diseases of Adaptation 


Lung edema and pneumonia in general. — We discuss these two conditions 
conjointly since lung edema usually precedes the formation of pneumonia. As 
we have seen in the preceding pages, the development of lung edema can be 
expedited by acute stress, as well as by some of the hormones discharged during 
stress (e.g., adrenaline, mineralo-corticoids). Conversely, during the counter- 
shock phase of the A-R (produced by various stressors including adrenaline) 
and under the influence of pretreatment with gluco-corticoids, the formation of 
lung edema is actually inhibited. 


We considered the possibility that during the shock phase of the AR 
capillary leakage in the pulmonary circulation may be increased, at Jeast partly. 
through a discharge of adrenaline and mineralo-corticoids. On the other hand, 
some time after an adrenaline injection or after the liberation of endogenovs 
adrenal hormones during stress, the formation of lung edema is inhibited by the 


crossed resistance” phenomenon which is largely dependent upoP gluco’ 
corticoids. 
H ot 


cus 
jon, 


This interpretation agrees with clinical experience showing that ACT 
cortisone are beneficial in primary, atypical pneumonia and pneumoco 
pneumonia inasmuch as they expedite the resolution of the pulmonary Je 
although they do not affect the micro-organisms themselves.” 


1 Selye B1204/46. SS 
82 Selye 35935/ND 88 Zacco B39572/48 
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Effect of cortisone inhalation upon lobar pneumonia. 60-year-old male with acute lobar 
pena of six days duration. “Type 7’° pneumococcus (Quellung’s technique) was isolated 
tom blood-culture. Initial white-cell count, 18,400 (predominantly polymorphonuclears). 
e € patient was given 10 mg. of cortisone every hour, by aerosol inhalation of a saline 
sisPension. No other medication was administered during the hormone treatment. The patient 
Ae clinical improvement with a fall i se ra ( dyspnea. 
mack in 8 hours the white-cell count fell to sont 
: ment was gradually diminished and 
a Acne and other signs of 
‘eg! est X-ra’ : 
Period of 33 hours. «Ga Lewy 
Tawal and subsequent 
Ment in the x- ee 
Son to 
Proven : 
Of name ee 
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In one case of lupus erythematosus, treated with large doses of aye 
congestive heart failure and pulmonary edema occurred.**” [j would be ‘sone, 
esting to determine whether such complications could arise as a consequencain 
the previously discussed renal actions of gluco-corticoids. eee 
Rheumatic pneumonia. — A certain rather specific granuloma tissue tend 
to develop in the lungs of patients suffering from acute rheumatic fever The a 
A ia 


is usually proliferation of the alveolar epithelium, dilatatio: 
with accumulation of erythrocytes and mononuclear cells in 
broncho-pneumonic foci, brown induration of the lungs 


of the capillaries, 
otherwise typical 


and fibrinoid necrosis 
of small vessels with thrombosis of larger vessels and recanalization of Hemon 
rhagic infarcts. In addition there is marked inflammation of blood vessels and 
interstitial pneumonia. All these lesions are allegedly due to increased capillary 
permeability with escape of a serous exudate into the alveoli and the formation 
of hyalin membranes. Although none of these changes is in itself specific, their 


simultaneous occurrence is believed to be characteristic of rheumatic fever,3t 
Rather similar changes are observed in the lungs of animals overdosed with 
LAP or DCA; ** hence we regard rheumatic pneumonia as a disease of adapt- 
ation in the same sense in which other rheumatic changes were so interpreted, 


Tuberculosis of the lungs. — It has long been known that the progress 
of pulmonary tuberculosis is accelerated by various incidental damaging agents, 
especially those causing loss of weight. This is in sharp contrast with certain 
other diseases — e.g., rheumatoid arthritis, psoriasis — which tend to undergo 
remissions under the influence of such stressors. It agrees with our interpreta- 
tion of the “crossed resistance’’ phenomenon that ACTH and corticoids, which 
also induce remissions in rheumatoid arthritis or psoriasis, actually aggravate 
the course of pulmonary tuberculosis.*** Apparently here the gluco-corticoids 
promote the spreading of infection just as they enhance abscess formation in 
the lungs of rats, presumably because they interfere with the formation of an 
encapsulating fibrous scar. 

The effect of stress and adrenal hormones upon the course of pulmonary 
tuberculosis clearly exemplifies the tenet that, in the diseases of adaptation, 
the G-A-S mechanism does not affect the causative pathogen (in this case: 
tuberculosis bacillus) directly, but alters the response of the host. Hence, in 
the final analysis, it will largely depend upon the defensive powers of the 
organism whether an infection with tuberculosis bacilli will cause the disease 
known as tuberculosis. 


Tuberculosis of the larynx. — In four patients with laryngeal tuberculosis, 
treatment with ACTH (100 mg./day) was followed within 6-8 hours by 
amelioration and subsequent rapid disappearance of the systemic manifesta- 
tions of acute illness. The fever disappeared, the voice improved, the patients 
felt much better and the previously positive cutaneous hypersensitivity Xe) 
tuberculin became negative. At the same time the laryngeal edema receded, 
granulations became less elevated and were covered with epidermis. It is 
not yet known whether prolonged (or perhaps even permanent) remissions C4? 
thus be obtained, but “regardless of ultimate outcome, it has clearly been 


possible to abolish the evidences of tuberculous illness by the administration — 


“8b Baehr B46308/50. = Selye 35935/ND 


“' Griffith et al. B45177/46. *°aFreeman et 


Maksimovich B44710/48. 


' 


THEORIES AND SUMMARY 649 


of a substance which presumably acts solely on the host’’.**» This is in contrast 
ith what we have said above about the effect of ACTH in pulmonary tuber- 
culosis, but perhaps it depends largely upon conditioning factors (intensity 
f the infection, site of lesions, serological defense, diet, etc.) whether the 
diminution of defensive granuloma formation by ACTH is an advantage or a 
disadvantage for the patient. 


Asthma. — As an essentially allergic disease, asthma must also be regarded 


ES primarily a disease of adaptation. It is often elicited by non-specific (e.g., 
emotional) stress and sometimes prolonged remissions can be obtained by 
non-specific therapy, for instance with insulin shock.*’ It is difficult to explain 


why in other cases shock therapy (e.g., electro-shock) actually aggravated the 
asthmatic state,** but this same inconsistency in the effect upon asthma has 
been noted in patients treated with ACTH. In most instances ACTH greatly 
ameliorates the asthmatic condition ® but occasionally attacks of asthma are 
actually precipitated by this hormone.*® Significantly, the urinary excretion 
of histamine and histidine rises in asthmatics, during remissions caused by 
ACTH 4° 

The anti-asthmatic effect of the gluco-corticoids and of adrenergic sub- 
stances “ suggests that endogenous discharge of adrenal hormones may be a 
normal defense reaction against this abnormal or allergic response to certain 
agents. An inadequacy of this response may well play a rdle in the pathogenesis 
of asthma. These, and many other observations, induced several investigators 
to consider the possible relationship between asthma and the G-A-S.1!* 


Loeffler’s syndrome. — The pathogenesis of this condition is still unknown, 
but it is pertinent to note that in one case ACTH caused a virtual disappear- 
ance of the eosinophils from the blood and of the pulmonary infiltrations as 
shown by x-ray photographs.** The possible réle played by derailments of 
the G-A-S in the pathogenesis of this syndrome, has been analyzed else- 
where. *?4 


Theories and Summary of Observations Concerning the Participation 
of the Respiratory System in the G-A-S 


During the shock phase of the A-R, there tends to be marked congestion 
of the lung with transudation of plasma into the interstitial spaces and the 
alveoli. This may progress towards frank lung edema and even pneumonia. 


Conversely, during the counter-shock phase, even a lung edema produced 
by other agents is inhibited by the A-R. This is apparently a phenomenon of 
Crossed resistance”’. 


**>Tompsett et al. B47903/50. 
Cohen and Holbrook B40717 
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Acute overdosage with adrenaline can cause fatal lung edema 
overdosage with mineralo-corticoids likewise tends to < } 
in the lung. Both types of hormones can create a predisp 
of lobar pneumonia. 

‘ After pretreatment with adrenaline, the tendency to de 

is diminished, but since a similar inhibition is also seen d 
shock phase following exposure to other stressors, this j 
‘4 a manifestation of “crossed resistance’’. Here, as in so many other inst 5 
crossed resistance, the gluco-corticoids appear to play an important ie of 
likewise tend to counteract the tendency to form lung edema and even & the 

curative effect in the case of an already formed pneumoni exert a 

The reticulo-endothelial cells of the lung, especially th. histiocytes whi 
line the alveoli, proliferate actively and become unusually phagocytic dy ich 
the A-R. This R.E.S. stimulation largely depends upon the integrity OPAL 
adrenal-cortex and is presumably mediated through the gluco-corticoids. Duri : 
the resistant stage the phagocytic cells of the lung return to a compaiitee 
quiescent condition. The increased phagocytic activity during the A-R oh 

represent an effort on the part of the organism to combat the tendency 4 

develop pneumonia as a result of transudation and exudation of blood-consti- 

tuents into the alveoli. It may also help to free the blood of particulate matter 

(e.g., bacteria). 

; Among the pulmonary diseases of adaptation, we particularly mentioned 
lung edema, pneumonia (especially “rheumatic pneumonia’’), tuberculosis of 
the lungs and asthma. With the possible exception of lung edema, none of 
these conditions result directly from exposure to stress. but the resistance of 

‘ the lung to specific pathogens (e.g., allergens. micro-organisms) is greatly 

dependent upon the G-A-S mechanism and particularly upon adrenal hormones. 

‘ Hence it largely depends upon the defensive production of corticoids (and to 

a lesser extent of adrenergic substances) whether a potential pathogen actually 
produces disease or is tolerated without difficulty. 


Pro] 
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MUSCULAR SYSTEM 


Systemic Stress 


A decrease in the muscular tonus and a ready fatigability have long been 
recognized as characteristic manifestations of the shock phase during the 
AR.) The great lassit ude and low muscular efficiency is one of the many points 
of similarity betwween the shock phase of the A-R and the condition of adrenal 
insufliciency. 

On the other hand, if rats are exposed to sudden but mild variations in 
temperature (cold or heat), their ability to perform muscular exercise is alleg- 
edly increased immediately after the recovery period. At this time, they show 


the fall in the blood-lymphocyte count characteristic of the A-R. In attempting 
to interpret the mechanism of this response, it has been stated that ‘‘one must 
first of all think of a hyper-activity of the adrenal cortex, due to the development 


2 


of a general-adaptation-syndrome”’ 

In animals, anaphylactic reactions tend to produce granulomatous cellular 
infiltrations in the skeletal muscles which are not unlike those seen in the heart.* 
These resemble the cardiac lesions caused by stress, LAP, DCA, desoxo- 
cortisone or the “endocrine kidney’’ and may be related to the humoral changes 
of the resistant phase. 

Severe carbon monoxide intoxication often causes a non-specific type of 
polymyositis, as well as degenerative lesions and calcification of muscle fibers 
in man. This is accompanied by skin changes similar to those seen in burns, 
and renal lesions characteristic of the crush syndrome. Both the cutaneous and 
the muscle changes are especially severe in regions exposed to mechanical 
trauma (e.g. pressure).t The possible participation of the G-A-S mechanism 
in this response remains to be explored. 

Intense muscular atrophy and weakness is also characteristic of prolonged 
starvation and severe malnutrition in man.° It may be accompanied by 
muscular pain and histologic signs of degeneration (such as hyalin granular 
disintegration of the cytoplasm, loss of nuclei, calcification) and inflammatory 
infiltration in the muscle stroma.* 

It remains to be shown whether the inflammatory and fibrous changes in 
the skeletal (and cardiac) muscles of vitamin-E deficient rabbits * are related 
to the muscle granulomas produced by mineralo-corticoids. 

The striated muscle of vertebrates (e.g., frog) show oO 
sible contraction and loss of excitability following 
Stressors such as drugs and i 7 
gaard phenomenon”’.™* It 
— 
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metabolism. The fact that so many different agents can elicit this 
suggests that the G-A-S may be involved in its genesis, but furth 
tions will be necessary to prove this. 


Phenomenon 
er MVvestiga. 


Stimuli Influencing the Response of the Muscular System 
During the G-A-S 


Hypophysectomy causes muscular atrophy and weakness in various antes 
ima 


species.® In the hypophysectomized rat, there is a decline of the amplitud 

area of muscle-action-potential during repetitive indirect stimulation eae 

decrease of muscle-action-potential parallels the decrease of the magnitude i 
0 


contraction. “It is inferred that the neuro-muscular fatigue occurring in h 

¢ - A . Yypo- 
physectomized animals is due to both a moderate dysfunction of the mus¢] 
and a marked dysfunction of the nerve element (either nerve or nyeneed 
junction)”.? e 

Crude anterior-lobe extracts allegedly increase the muscular efficiency of 
rats simultaneously with the resulting adrenocortical enlargement. This effect 
is demonstrable even in certain strains of rats which appear to be resistant to 
the A-R, in that they do not respond with the usual cortical hypertrophy. It 
was concluded that a hereditary defect in the stress-response of the pituitary 
may cause derangements of the A-R, which can be rectified by anterior-lobe 
extracts.®* Since these experiments have been performed on a very small series 
of animals, they require confirmation. 

Adrenalectomy is notoriously conducive to intense muscular weakness and 
ready fatigability. If rats are previously trained, they retain much of their 
ability to perform intense muscular exercise after their adrenals are removed. 
“This shows conclusively that it is not the actual presence of adrenal hormones 
which is needed for the performance of muscular work but that the adrenals are 
mainly needed during the process of adaptation’’.'” OF course, as adrenal 
insufficiency progresses, even trained animals will eventually suffer from the 
progressive hypocorticoidism. 

Immediately after unilateral adrenalectomy, the muscular efficiency . of the 
rat falls, but a few days later it rises above normal. “The increase in the 
resistance to fatigue which develops a few days after unilateral adrenalectomy, 
is ascribed to a hyperfunctioning of the other adrenal, comparable to that 
occasioned by the alarm-reaction”’.!! 

Under ordinary conditions isolated removal of the adrenal-medulla ‘does 10 
noticeably impair the muscular efficiency of the rat ** or dog.1* Hence, thf 
emergency secretion of adrenaline by the adrenal-medulla itself is not ° 
very important factor in the maintenance of muscular efficiency. 

Nevertheless, both the cortex and the medulla appear to influence musculay 
contraction as shown by experiments in which extreme fatigue was 1 nee 


by direct faradic stimulation of the muscles. Here, the work output of ane a 


demedullated rats decreased more rapidly than that of normal contro's: 
subcutaneous injection of adrenaline significantly improved the rate of 
Under the same conditions, it was noted that in com ren 
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both gluco-corticoids and (to a much lesser extent) adrenaline improved 
lar efficiency, but simultaneous treatment with both these preparations 
as necessary to obtain optimal results in acute exhaustion.’ In the case of 
solonged work the role of adrenaline is probably negligible in comparison 
to that of the gluco-corticoids.’° The improvement in work performance by 


rats, 
muscu 


adrenaline is not abolished by complete evisceration, hence it is due to 
extrahepatic actions of this hormone.’** 

The ability of rats to perform muscular work in the “swim test’’ is greatly 
increased by calcium pantothenate.” The muscular effect of the vitamin is 
therefore not mediated through the hypophysis-adrenocortical mechanism. 

In intact rats, even large amounts of a gluco-corticoid-containing adrenal 
extract did not improve muscular efficiency above normal.!* The work per- 
formance of rats kept under reduced oxygen tension, was also not improved 


by cortical extract (or DCA).27 On the other hand, in rats in which an A-R 
was produced by exposure to heat, the injection of a cortical extract increased 
muscular efficiency as judged by their ability to swim. It was concluded that 
“the cortical hormone administered to an organism during the A-R is favorable 
for the development of the phenomena designated as counter-shock’’.18 

Rats chronically overdosed with mineralo-corticoids (e.g.. DCA) have a 
greatly reduced muscular efficiency as judged by experiments in the revolving 
drum.!8* On the other hand, it has been claimed that patients suffering from 
various acute infections, exhibit increased muscular efficiency (Mosso’s 
ergograph), when given moderate amounts of DCA."*” 

Physostigmine allegedly increases the work performance both of normal 
and of adrenalectomized rats, indeed, even when the sciatic nerve has degener- 
ated after transection. DFP has a similar effect in adrenalectomized rats but 
prostigmine, acetylcholine and adrenaline were ineffective. “The results sug- 
gest that an impaired neuro-muscular transmission, either as the result of 
impaired acetylcholine metabolism or an abnormal sensitivity to acetylcholine, 
might be the cause of the asthenia after adrenalectomy ’’.1® 

It must also be kept in mind that certain testoids stimulate the growth of the 
skeletal muscles as shown by observations in the mouse. This property does 
not run strictly parallel with the renotrophic action, but contributes to the 
general protein-anabolic effect of such compounds.” 


Muscle Diseases of Adaptation 


There is some evidence that derangements of the G-A-S mechanism may 


play a réle in the pathogenesis of various muscular diseases. Several of these 
eferred, for instance: 


are discussed in other chapters, to which 

dermatomyositis (cf. skin), ead 
perivascular, granuloma ni 
bis arthritis (cf. arthri 
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and fibroplasia typical of rheumatic-allergic syndromes in genera] All 
ATP-treatment is beneficial in various types of muscular rheumatism &gedly, 


20a 
requires confirmation. but this 


Myasthenia gravis may also be related to a derangem: 
adrenal system. It often occurs in combination with thy: 
to disappear upon ablation of the thymic neoplasm. In 
taneously with the proliferation of the thymico-lymphatic 


nt of the hypophysj 
us tumors and ‘ane 

yrotoxicosis, simul- 
‘pparatus, muscular 


changes (very similar to myasthenia gravis) have often been noted?! ry: 

treatment with ACTH, the symptoms of myasthenia gravis tend me ie ter 
and the characteristic anomalies of the electromyogram may disa Prove 
Simultaneously, there is an increase in the normal ability of serum to ete 
acetylcholine synthesis. The resulting incomplete remissions are fet ya 
long lasting. During the course of ACTH administration, there may mi Me: 


actual aggravation of the muscular weakness, but this has been ascribed to 
incidental changes in electrolyte, carbohydrate and glutathione metabolism. 


Effect of ACTH upon thymic tumor in myasthenia gravis. Roentgenograms made during dias- 
tole. — A. Before treatment. — B. Immediately after completion of treatment with ACTH. — 
C. Four weeks after discontinuation of treatment. Note that mediastinal mass greatly decreased 
under the influence of ACTH, but regained its original size within a month after treatment 
was disccntinued. : (After Soffer et al. B46442/48:) 


: : P : F h 
Only one myasthenic patient has been treated with cortisone. Here there 
was no definite improvement.** 


Two patients with myotonia atrophica recorded some subjective improve- 


ment in symptoms following ACTH administration but this was not ee 
panied by any increase in muscular function as judged by objective saben 


Two patients with progressive muscular dystrophy of the facio-scapulo” 
humeral type did not appear to benefit from ACTH.* 


The possible réle of the G-A-S in the so-called asthenic adynamic 


has been discussed. but pertinent data do not yet suffice to dr4 
conclusions. 


drome 
Syijefinite 
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Summary of Observations and Theories Concerning the Participation 
of the Skeletal Musculature in the G-A-S. 

In summary, it may be said that during the A-R (and of course, also in 
the stage of exhaustion) the morphologic development and functional activity 
of the musculature are subnormal. Complete adrenalectomy produces essentially 
similar effects, but isolated ablation of the adrenal-medulla has little, if any 


influence upon mus’ ular structure or activity. Substitution therapy with 
corticoids (especialls gluco-corticoids) is highly effective in augmenting the 


work-capacity of th idrenalectomized animal, but has little if any effect in 
the presence of normal adrenals. Apparently in healthy individuals, endog- 
enous corticoid production is virtually optimal. There is some suggestion that 
under stress, corticoid treatment may improve muscular efficiency. 


Testoids increase muscular development due to a special musculotrophic 
effect. The latter is particularly evident if we compare the muscular devel- 
opment and strength of castrate males or females with that of intact males. 

All these factors probably influence the response of the muscular system 
during the G-A-S. 

Among the muscle diseases in the pathogenesis of which derailments of the 
G-A-S mechanism appear to play an important réle, we mentioned: dermato- 
myositis, fibrositis, the granulomatous lesions in skeletal muscles which accom- 
pany rheumatoid arthritis and the clinical syndrome of “muscle rheumatism”. 
The muscular weakness of hypocorticoidism and the syndrome of myasthenia 
gravis may also be related. 
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Systemic stress 


Characteristic response. — The changes in the nervous system which are 

| characteristic merelv of exposure to systemic stress as such, can be logically 

NERVOUS SYSTEM surveyed only if we keep in mind that they — as all other manifestations of 
the G-A-S — evolve in three distinct stages: the A-R, the stage of resistance 

; and the stage of exhaustion. During the acute initial period of the A-R the 


The nervous system 's particularly et the the effects of systemic Stress most characteristic /un tional changes are tension and excitement if the stress 
During a severe A-R, intense depression of the nervous system is one of the 4g mild, depression of the central nervous system and shock if it is intense. 
most striking signs of profound shock. Indeed upon more chronic exposure In either case there is loss of appetite and libido as well as stimulation of the 
to systemic stress both the central and the autonomic nervous systems show | autonomic nerves with a great predominence of the adrenergic system (adren- 
morphologic and functional derangements. These are due to the fact that aline and nor-adrenaline liberation from the medulla and from autonomic 
nervous and mental processes are largely dependent upon the soma and can nerve endings). 
readily be influenced by many of the biochemical changes which occur during If the stress is severe the functional changes are usually accompanied by 
the G-A-S (e.g., muscular paralysis elicited by hypokalemia; psychic disturb- manifest morphologic lesions such as edema and congestion of the brain, 
ances caused by hypoglycemia, sodium depletion, or variations in the B.M.R.). petechial hemorrhages especially in the meninges and degenerative changes in 

Conversely, the nervous stimuli elicited by exposure to stress influence the ganglion cells. This is later accompanied by neuroglia proliferation in central 
soma and neurogenic stressors (pain, fear, frustrations) are especially potent and peripheral ganglia, followed by dissolution of ganglion cells through 
alarming stimuli. Hence the psychosomatic interrelations are extremely com- the process of “neuronophagia” or ‘“‘neuronocytolysis”’.” The permeability of 
plicated during the G-A-S.! It has been suggested that even permanent mental the meninges is also increased and this facilitates the penetration of blood 
derangements can result from maladaptation to severe systemic stress (cf. constituents into the cerebrospinal fluid. 

Neuropsychiatric Diseases of Adaptation). During the stage of resistance most of these manifestations disappear, 

It would certainly be a most fascinating task to re-examine certain fields of although eacertain degree of sympathetico-tonus tends to persist. Further- 
normal and pathologic neuropsychiatry from the viewpoint of the G-A-S. more, while resistance to the evocative stimulus rises far above normal the 


adaptability of the nervous system to other agents is greatly diminished. This 
may lead to maladaptation and psychosomatic disease. The appetite may be 
normal, but is often increased. Libido is usually subnormal. 


Among the many nervous and mental derangements that can be elicited by 
exposure to stress, which are due to specific actions of the evocative agent 


and which to stress as such, that is to the G-A-S? Furthermore, among the , 2 ; : 
changes traceable to stress as such, what is due to damage and what to normal Finally, during the stage of exhaustion, the changes in the nervous system 


or abnormal defense against damage? To illustrate specific subjects to which are mainly characterized by a return of those manifestations which had been 
we feel this kind of study could be profitably applied let us mention for present initially during the A-R. However, by this time arteriosclerosis of the 
instance, the well known effect of “shock” upon conditioned reflexes and brain-vessels has usually developed and further exposure to stress no longer 


schizophrenia, the influence of fatigue and exhaustion (no matter how produced) leads to adaptation with resistance but to a final breakdown and death. 


upon mental processes and the production of such organic changes as vascular Trauma. — In traumatic shock the meninges become congested, Often 
damage with edema of the brain by physical or chemical stressors. By demarc- there are small hemorrhages and brain edema, so that the picture is essentially 
ating the réle of mere systemic stress in the genesis of these and cognate that which we previously described as characteristic of the shock phase produced 
phenomena, we could hope to come much closer to a real understanding ° by any other severe alarming agent.* 
many nervous adjustments and maladjustments. This would, in turn, undow! c Some investigators believe thologic alter- 
edly teach us a great deal about ways to make better use of physical and phar ations in ganglion cells are by trauma or 
macologic agents in the treatment of psychosomatic derangements. other stimuli. Of cour: ition cau g., circ ry 
Unfortunately this aspect of the G-A-S has been badly neglected up mn Mistucbances or com : : 7 
now. Few investigators — and the writer of these pages iS certainly net loti 


of them — possess the understanding of biochemical, morphologic 
chologic problems necessary to correlate all these fields. Hence ou 
of pertinent problems will necessarily be patch an ge 
scattered observations, most of which have not be 
point of the G-A-S by those who described then 
the great practical importance of this subject, we f 
least a preliminary outline of it — no matte how 
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A-R caused by the intervention, rather than to pancreatic insufficiene 


5 
Unfortunately no control experiments were done with other types of ie such, 
; 2 Tatio 
Hemorrhage. — After hemorrhage the autonomic readjustments are ns, 
tially similar to those elicited by other stressors.° The elec troencephalo €ssen- 
changes caused by hemorrhage are probably also non-specifi Graphic 


pec ific and . 
; hie rimarj 
due to brain anoxia.’ Primarily 


Burns. — Burns notoriously cause intense, functional nervous derange 
such as cramps, extreme excitation or deep apathy and depression, oe 
scopically the brain usually exhibits congestion with edema and the a 
cranial pressure tends to rise. In severe cases there may be signs of a beatin 
encephalitis with leucocytic infiltrations around the capillaries, deqenertaae 


changes in ganglion cells® and other lesions which have been interpreted a 
manifestations of a ‘serous inflammation”.® Allegedly the degenerative chat 
in ganglion cells are most prominent in the hypothalamic nuclei.° In order to 
combat dehydration it is customary to give copious intravenous infusions in 
burned patients; such therapeutic procedures may also contribute to the char- 
acteristic brain edema of such patients." 


Congestion, edema and hemorrhages in the brain are often particularly 
conspicuous in men who died from heat-stroke. Acute swelling, shrinkage 
or pyknosis of cells has also repeatedly been reported, but some investigators 
regard these as postmortal artefacts. All these changes are so similar to those 
produced by other types of intense acute stress, that they may well be non- 
specific manifestations of the G-A-S. Only the great predominance of hemor- 
rhagic lesions (some authors speak of “brain purpura’) deserve special 
mention because of their unusual intensity in the case of exposure to heat. 
Perhaps they result from the thrombocytopenia, which can cause a severe 
clotting defect in such patients. If death occurs only after several days, glia- 
proliferation, with phagocytosis of degenerating nerve cells (e.g-, Purkinje’s 
cells) are often prominent. Such morphologic lesions have been held responsible 
for the acute confusional state and sometimes even permanent damage to 
the central nervous system, which occur in patients who suffered a severe 
heat-stroke.'* 

Exposure to cold causes essentially similar changes in man, especially hype™ 
emia, edema and hemorrhages."* 


that the voluntarily chosen foods are actually favorable for resistance ' ® 
and high temperatures respectively.* Experiments on mice showed tha" 
food consumption increases at low (10°C) and decreases at 
temperatures. However, here these changes were due almo 
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an increase or decrease in the intake of carbohydrate. It was suggested that 
changes in thyroid function may play a réle in this instance, since exposure 
ae cold augments thyroid hormone formation.’ The latter view receives sup- 

ort from experiments on thyroxin-overdosed mice which developed the same 
Peepelecuom pattern as those exposed to cold.!° Since all species do not 
metabolize large amounts of fat with equal facility it is quite possible that 
species differences may account for the discrepancies in the above results 
obtained with rats and mice respectively. In any case the observations show 
that extremes of temperature exert a pronounced influence upon the appetite and 
that the resulting changes in food selection are presumably useful for adaptation. 

Ionizing radiations. — The central nervous system is singularly resistant 


to x-irradiation, while the autonomic nerve-fibers are somewhat more sen- 
sitive? The meninges are rather susceptible to x-ray damage and upon irra- 
diation may exhibit inflammatory lesions with a subsequent increase in 
cerebrospinal fluid pressure.'§ 

In atomic bomb casualties meningeal and brain hemorrhages often formed 
part of the general purpuric syndrome." 

Electric injury. — Repeated electro-shock impaired the ability of rats 
subsequently to learn a “Stone multiple-T” maze.”? Similarly the performance 
(judged by an increase in running time and in errors) of rats which had 
previously learned to find their way through a ‘‘Warner-Warden’ maze, was 
impaired by subsequent electro-shock treatment. At the same time the emotion~ 
ality of the animals increased with the number of shocks (shown by the number 
of defecations in an open field situation, reaction to noise and audiogenic 
seizures). “In a second series of experiments designed to study the effects 
of a high- and low-protein diet on learning and shock sensitivity, similar sub- 
stantiation was seen for the G-A-S hypothesis” ... “on a high-protein treat- 
ment, error scores and activity showed impairment as compared with the 
control diet group”.2' Incidentally almost the same results were obtained in 
another experimental group in which the stressors used were audiogenic stimuli 
and insulin.** 

A rather similar experimental investigation revealed “that a controlled 
series of 25 electroshock convulsions is followed by a significant impairment 
of learning ability immediately after the shock series and that this impairment 
is still evident 30 days following treatment. In the latter case, the magnitude 
of the impairment is not as great as that which is found immediately after the 
shock series. A decrement in retenti so appea days after the con- 


vulsive series. This impairm a demons- 
trated immediately after i hese id rai c ‘“ 
observations compiled from scribed to the | 

of a G-A-S and i 
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tion to systemic stress as such. As we have said in the intr: f ; : F 
to the er chapter, this lack of integration is largely ee Temarks o parasympathetic cholinergic discharge is also a characteristic — though 
comparatively few physiologists, familiar with the somatic ws e fact that erhaps Jess important — autonomic response to the nervous stress. 
G-A-b, ate sufficiently trained in the methods of th hole of the Pertinent data will found in the section on the “Neuro-psychiatric Diseases 
versa. However, even the few pertinent studies which heal and vice af Adaptation” (cf uroses, psychoses). Here we shall merely mention a 
up to now on the “psychophysiology of stress’ ’,*"* suffice to suggee few particularly reli observations on animals in order to outline the great 
is perhaps one of the most promising fields for the clinical pplieais that this ractical possibilities ‘ this particular aspect of the G-A-S, in the hope that 
G-A-S concept. ‘on of the it will encourage part er search in this field by the select few whose training 
Cannon “* showed the importance of the sympathetico-adrenal dj enables pes to _ I - It. ; 
in emotion. Many other investigators * published evidence indi ischarge Interestingly, in animals a typical experimental neurosis can be produced 
indicating that by nervous stress. In sheep, if conditioned reflex experiments are so arranged 
that the animal is called upon to solve a problem beyond its capacity (e.g., to 
distinguish between two closely similar conditioned stimuli) the resulting 
frustration can lead to an apparently permanent neurosis. This may manifest 
itself by extreme excitement, uncooperative behavior and spontaneous, nervous 
twitching movements.” It is particularly interesting from the G-A-S point 


of view that cortical extract allegedly exerts a therapeutic effect in these 
experimental neuroses {see below). 

It has been shown furthermore in rats that conditioned reactions, which had 
been inhibited by lack of reinforcement, can be re-established without further 
training by merely subjecting the animals to electric (or insulin) shock. Such 
restitution of inhibited conditioned reactions is not accompanied by any change 
in the zesponse of positively established conditioned reactions: hence it was 
concluded that electro-shock acts specifically on inhibited conditioned reactions 
without causing dedifferentiation.** 

It is extremely difficult to produce intense systemic stress by any alarming 
stimulus without at the same time causing some nervous stimulation; conversely, 
no severe nervous or emotional stress fails to elicit somatic manifestations of the 
G-A-S. For the interpretation of all these neuropsychiatric findings, it would 
be of the greatest importance to devise methods which would permit us to delimit 
the specific effects of nervous stimuli from their mere non-specific stress effects. 

As judged by electroencephalographic studies on animals, the electrical 
activity of the brain is greatly diminished during spinal shock while the reflexes 
are abolished.28 This is probably also largely a non-specific stress effect. 


Muscular work. — The effect of muscular exercise upon the nervous system 
has not yet been studied in relation to the G-A-S. Congestion and sometimes 
edema of the brain has been noted in rats forced to perform excessive work in 
2 revolving cage.”® It is perhaps also pertinent that extreme physical exhaustion 
in athletes may lead to a ‘cardiovascular syncope”’ with grave secondary effects 
upon the nervous system. On occasion this has been known to precipitate 


et ae ial een : i f 
ae in the monkey. — A. Facial expression following section of the jolt, rae epileptic fits, hysteric manifestations, muscle cramps, etc.*? 
fei 4 ‘ ita e slight deviation of the nostrils away from the side of the paralysis: left pape the Anoxi A n 
pias d a greater than the right. — B. ‘Fright reaction”, that is, contractions 17 hat oxia. — Acute anoxia also produces congestion and | 
left aieean ia aombane nt — Note the twistinglaii nosey and mouth i side pe instance in the rat.3! In the dog anoxia causes a pro! 

th ‘a ion of the palpebral fi i inkling © F LOspi - ag a bl. 
e bs | solar yo contractions pol ys ome me ceure ond of acetylcholine . oe fluid pressure, although the initial rise 
well as the ae hence it was suggested that during fright the parasymPa ne od li ae The “‘postanesthetic 

¢, nervous systems discharge their humoral mediators inte 8 parr ise due to transitory anoxia. 
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Extensive studies concerning the functional and morpholo 


duced by anoxia and CO:-poisoning in animals and man “5 iil Pro. 
(edema, hemorrhages, nerve cell degeneration, glia proliferafalal te these 
necrosis, meningeal congestion) are very similar to those elicited fe stion 
stressors. Therefore, it is difficult, if not impossible, to state what ; by Other 
due to anoxia and what to the accompanying systemic str: S specifical] 


© answer this it 
‘ not only with the 
¢xposed to the same 


other alarming stimul; 
Diseases. — The frequent occurrence of various neuralgias especi i 
L , cia y 


lumbago, in patients with focal infections has repeatedly been emphasi ai 
It is perhaps even more pertinent to the problem of the G-A-S that a coven 
“secondary encephalitis” may occur in the course of almost any acute nyc 
infectious disease (particularly the exanthemata such as chickenpox, scale 
fever, measles) as well as mumps and pertussis. This so closely resembles 
the encephalopathy seen in intoxications with various drugs *® that its non- 
specificity is hardly in doubt. 


would be imperative to compare the anoxic nervous syste: 
normal control, but also with that of a similar individua| 
intensity and duration of a systemic stress produced by 


A recent study of patients suffering from Rocky Mountain spotted fever 
showed that, here again, encephalitic manifestations often accompanied by an 
increased cerebrospinal fluid pressure are common.*? 


In epidemic typhus especially severe lesions are frequently found in the 
hypothalamus and the stalk of the pituitary.** Here, as in typhoid fever, the 
very name of the disease (“‘typhos’’ means stupor) has been chosen to emphasize 
the involvement of the central nervous system. The French school sometimes 
uses the expression ‘“encéphalite a minima” or “typhoid encephalitis” to design- 
ate the cerebral changes accompanying this disease in which allegedly the 
diencephalic and hypothalamic nuclei are again particularly affected.® 

The pathogenesis of these changes is not known, but their similarity to the 
brain-lesions produced by corticoid overdosage or the endocrine kidney (cf. 
below) is rather suggestive (cf. also ‘Encephalitis’ in the section “Neuro- 
psychiatric Diseases of Adaptation’). 

Considerable emphasis has been placed upon the fact that in acute infec- 
tions, especially those accompanied by fever, the permeability of the meninges 
is greatly increased. This change is largely non-specific since it also occurs 
anaphylactic and peptone shock. It has been suggested that the beneficial action 
of malaria-therapy in mental disease may be related to this response.*” = 

In many infectious diseases (e.g., tuberculosis, pneumonia) of man and ra 
experimental animals treated with diphtheria toxin there is marked hyperplasia 
of the neuroglial supporting tissue in autonomic ganglia. This is often “on f 
panied by dissolution of ganglion cells due to “neuronocytolysis OF neur 
nophagia by the glia.*! litis 

Serologic reactions. — An acute allergic disseminated encephalo-™ Me sae 
can be produced in various animal species by the injection of brain-ant'g 
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especially if combined with “adjuvants °.# This has been compared to human 
encephalomyelitis, but “in considering these problems, the fact is worth stressing 
Guenmnere are nO nevrop thologic changes which can be regarded to be specific 
BE allergic reactions The morphologic changes in the experimental allergic 
encephalomyelitis have been ascribed to antigen-antibody reactions within the 


central nervous Systc' itself. However, structurally they resemble the lesions 
in the central pevou ee, which are produced by various alarming stimuli, 
corticoids OF the “endocrine kidney”, hence it might be rewarding to seek a 
on denominato: 


comm: 

Drugs. — We har ilready mentioned that various drugs (e.g., lead, 
carbon monoxide) produce an encephalopathy very similar to the 
“secondary encephaliti ’ which develops in the course of many infectious 
diseases.4* Arsenicals are especially effective in this respect. 

In connection with “toxic” brain lesions potentially related to the G-A-S, 
Jet us add here that in dogs, subcutaneous injection of a hypertonic NaCl 


solution caused congestion and petechial hemorrhages in the meninges and in 
the brain substance itself. At the same time various, apparently degenerative. 
changes occurred in the nerve cells, although their significance was questioned 
“since post-mortem changes occur with great rapidity in tissues of the nervous 
system”. Hypertonic NaC] solutions notoriously cause dehydration with shrink- 
age of the brain, hence the usual brain-edema, characteristic of exposure to 
stress, was not manifest in this particular instance.*® 


Diet. — Non-specific damage by inadequate diets undoubtedly also affects 
the nervous system through reactions which are, at least partly, dependent 
upon the G-A-S. Special emphasis has been placed upon certain personality 
changes during fasting, which were attributable to mild hypoglyeemia»sech 
as occurs in the initial phase of the A-R and in the stage of exhaustion. 
“The minor stages of hypoglycemia then have particular bearing on the problem 
of fatigue. The individual dislikes to think, to talk, or to move. He has great 
difficulty in making required decisions, and his mood varies between apathy 
and irritation, even if fatigue is not specifically reported”. As we shall see 
later, severe hypoglycemia, such as is caused by insulin overdosage, may lead 
to much more pronounced functional derangements and even to grave mor- 
phologic changes in the brain. 

In the severely undernourished concentration camp inmates examined during 
World War II, it has been noted repeatedly that neuritis and certain mental 
derangements (particularly apathy. melancholia, extreme egocentricity, hallu- 
cinations and deliria) tend to develop.** In a group of healthy y: males, who 
voluntarily submitted to prolonged semi-starvation, very sim and 
Personality symptoms appeared. These were semi-s 
in order to emphasize the close relation 
neurosis” which can be produced in 
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personality symptoms of “semi-starvation neurosis’ and some ma if 

more severe changes such as hysterical responses and paresthania ested even 
tion was essentially similar to the differential response of an da * the situa. 
geneous population to any other stress’’.” “Blackouts” and “light-hond homo. 
on sudden rising, were a universal complaint and occasionally ene 
“faintness and “dizziness’’ were reported to occur even \ ithoum Nsations of 
ship to postural changes." any relation. 


Among the neuropsychiatric disturbances caused by under 
of libido and potency — for instance among under-nourisled prisoner 
— have already been mentioned in the section on the endocrine or és ~ ine 
noteworthy that the classic manifestations of the G-A-S (e.g. ada veal oie 
ment, thymico-lymphatic atrophy, gastrointestinal ulcers) were always a3 
in undernourished patients who came to autopsy after they develo coe 
neuropsychiatric symptoms.*” ; Pee 

Experiments on young rats showed that undernourishment delays the myali 
ation of the optic tracts and nerves.** This was specifically ascribed to tacke 
food, but comparative studies with other agents, causing an equal amount of 
systemic stress, would be necessary to eliminate the possibility of a mere non- 
specific affect. 

Since sodium plays such an important réle in conditioning the hormonal 
defense mechanism during the G-A-S, it is interesting that these “symptoms 
of excessive sodium chloride depletion, induced by insufficient salt intake and 
copious water drinking, are similar to heat-stroke and to Addison's disease and 
included cramps, fatigue, depression and cardiovascular distress upon exertion”. 
It was concluded that lack of sodium contributes greatly to fatigue and impair- 
ment in men.** 


“nutrition the logs 


Stimuli Influencing the Nervous System During the G-A-S 


Hypophysis. — Very little is known concerning the mechanism through 
which systemic stress affects the nervous system. Some observations suggest 
that during the G-A-S the anterior-hypophysis may exert an important action 
upon the nervous system through the discharge of ACTH and the subsequent 
formation of corticoids. 

Studies with radio-phosphorus in the rat showed that after hypophysectomy 
phosphorus absorption by the brain is greatly increased and this change can be 
prevented by pretreatment with ACTH. “It is suggested that the increased 
rate of P®* uptake of the brain in the hypophysectomized animals is connecte 
with increased carbohydrate utilization’’.™ 

It had been noted some time ago that, in cats, exposure of the brain t0 
air causes swelling and edema due to an increase in the permeability of the 
cerebral capillaries. This is accompanied by certain electro-encephalograpn'* 
changes. All of these derangements can be inhibited by pretreatment be 
ACTH." id 

In patients receiving ACTH, for instance for the alleviation of rheumato’” 
arthritis, a pronounced euphoria is commonly observed. Sometimes MS cit 
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ult in jnsomnia and marked excitement." Electroencephalograms taken at 
an time show an abnormal pattern with the appearance of increasing amounts 
een (5/second ) ictivity. This deviation disappears when the medication 
. discontinued.”” 
Prolonged treatmen ith LAP may cause brain edema and hemorrhages 
jth manifestations 0! seriarteritis nodosa of the brain such as are produced 
wi corticoid intoxication (cf. below). Thyrotrophin probably plays a much 
a important réle during systemic stress responses, except for the occasional 
instance of a hyperthyroidism elicited by exposure to some violent stress ( see 
“Hyperthyroidism me ls iny case the actions of thyrotrophin are also indirect 
and due to the secondary liberation of thyroid-hormone. Only the production 


of exophthalmos by thyrotrophin is not mediated by the thyroid. 

The gonadotrophins slso have to be considered since their production is 
decreased during the G-A-S. The resulting secondary gonadal insufficiency 
probably plays an important réle in the decrease of libido during stress.” 

Among the posterior-lobe hormones vasopressin is known to affect the 
hydration of the central nervous system; as a result of this it may even precipit- 
ate epileptoid attacks. There is some evidence that during the A-R vasopressin 
production is increased (cf. Vasopressin Metab., p. 220), but it remains to be 
shown whether, in the concentrations in which this hormone circulates in the 
blood during the G-A-S, it plays any important role in the genesis of nervous 
manifestations. 

Adrenals. — Adrenalectomy greatly diminishes the general vitality, fighting 
instinct and libido in several animal species. In man this is associated with a 
general feeling of weakness and fatigue."' Treatment with DCA maintains 
the fighting instinct of adrenalectomized rats.” 

The electro-shock threshold of a rat declines rapidly after adrenalectomy 
but is readily restored by DCA or even NaCl therapy. These and allied observ- 
ations led to the conclusion “that the electro-shock seizure threshold of the 
adrenalectomized rat is directly correlated with the plasma sodium level =e 
The susceptibility to audiogenic seizures in predisposed strains of rats is not 
influenced by adrenalectomy." 

Adrenalectomy (or a functional hypocorticoidism induced by byron 
ectomy) greatly raises the sensitivity of the rat to the anesthetic action 0 
steroids (see below). Curiously even DCA exerts a more pronounced anesthetic 
effect in adrenalectomized than in normal rats, so that the animals are “simult- 
aneously displaying deficiency in, and overdosage with, adrenal hor- 
mone”.“4 This is even more evident if the water soluble (and 
effective) glucoside of desoxycorticosterone is Mao 

Observations on intact animals and man 
closely imitates the “emergency reaction’ 


i 
‘ 
; 
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and the intense adrenaline discharge noted in situations of <yctem; 
the basis of the theory that the adrenal-medulla plays an im <mic sttens if 
response to emotional excitation, painful stimuli and othes a rol 
shifting of blood from the abdominal area to the central = 
the acceleration of recovery from neuromuscular fatigu: 
defensive functions of adrenaline during emergencies." 
This view has been assailed with uncommon vehermen: 
of the experimental facts upon which it was based led to tl 
“bodily reactions in major emotions can be explained heiter as 
of nervous stimuli (chiefly sympathetic) rather than sex ston hen ee 
The debate was hardly justified. It is now known that both the a ip 
and the sympathetic nerve-endings produce a mixture of adrenaline 
adrenaline in different proportions. There is no doubt that durin es a nh, 
both the adrenal-medulla and the sympathetic nerve endings diseam co 
amounts of such “adrenergic” principles and that these greatl infl i 
activity of the nervous system. Presumably it depends jargeh on tee a 
conditioning factors which of these two main sources of adrenergic hontaee 


is more important in any specific case of an e ncy response to 
mergency respo i 
oe NY; to systemic 


Orm 


ein ¢ 
Stressors, Te 


Nervous system and 
apparently usefy] 


and an analysis 
'e conclusion that 


Corticoids exert several important actions upon the nervous system and 
it is not yet clear to what extent these are interdependent. It has been on 
in the dog and monkey that heavy overdosage with DCA causes manifesta ete 
of intermittent muscular paralysis in certain regions of the body. In the deg this 
is manifest especially in the neck muscles, while in the monkey (in addition 
to paralysis of the neck) choreiform movements may also appear. We do not 
know to what extent these derangements are dependent upon muscular or 
nervous malfunction. However, they are manifestly related to the hypokal- 
emia of DCA-overdosage, since administration of KCl effects an almost instant- 
aneous cure."? 

Another particularly striking nervous effect of DCA is the production of a 
reversible depression of the central nervous system. If very large doses of the 
hormone suddenly enter the blood stream (e.g., following intravenous or intrap- 
eritoneal administration) there is a preliminary stage ‘of excitation, followed 
by deep anesthesia. The latter can be so profound, and accompanied by such 
muscular relaxation, that major operations may be performed on animals under 
DCA anesthesia. Fish are particularly sensitive to this effect. The mere 
addition of a few crystals of DCA to the water in which they swim suffices to 
anesthetize them, but they awaken within a few minutes if transferred to fresh 
water. Although mammals are less sensitive, such “hormonal anesthesia” can 
be produced in most laboratory animals (e.g., pigeon, rat, mouse, monkey, cat. 
dog) and there is ample evidence that animals can tolerate daily DCA- 
ee during several weeks without developing detectable morphologic °F 
sec angements. Analeptics, such as metrazol or picrotoxin interrupt 

is anesthesia. It is noteworthy that other corticoids, and many hormonally 


active steroids devoid of corticoid potency (e.g., progesterone, testosterone 


exert simi i f Es 
t similar effects. Since even some hormonally inactive precursors Ones 
. ' 
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on products of steroid hormones (e.g., pregnanediol, pregnanedione, 


dati see os : 
we cholanolones) proved to be potent anesthetics, it is possible that the adrenal- 
eetex may also depress the central nervous system through steroids other than 
c «1. 68 
cortico! s." ' : 
An A-R induced by « variety of stressors increases the anesthetic effect of 
haps due to | crossed sensitization’ .%* 


steroids, per , > ; 
The anesthetic effect of various hormonal steroids has repeatedly been con- 


69 and occasiona! failures were due either to the use of inadequate 
d,*? an 


dministration of the compounds in a manner which precluded 
70 


firme 


dosages oF f0 @ 
the rapid uptake of adequate amounts into the blood. 


This ability of DCA and of other corticoids to diminish the excitability of 
the nervous system may be responsible for its reputedly beneficial effect in 
certain cases of epilepsy.”! It may also be involved in the elevation of the 
electro-shock threshold noted after chronic treatment with DCA in rats.™ 

A recent brief preliminary communication confirms that DCA decreases the 
excitability of the central nervous system, but states that this effect is not 
shared by ACTH or cortical extract; in fact these latter compounds allegedly 
inhibit the depressor effect of DCA. This is somewhat reminiscent of the anti- 
arthritic action of ACTH and gluco-corticoids, as opposed to the production 
of arthritis by DCA, and may represent another instance of a similar hormone 
antagonism. 

Under certain experimental conditions DCA produces a state of “experi- 
mental catalepsy” (with or without anesthesia) in rats. This can be interrupted 
by metrazol.™* It remains to be seen whether corticoids play any part in the 
pathogenesis of catalepsy in man. 

Chronic treatment with high doses of DCA can cause severe and permanent 
brain lesions in rats, especially after sensitization by unilateral nephrectomy 
and a high Na-intake. Under these conditions, pronounced hyalinosis of the 
brain-vessels with subsequent thrombus formation, hemorrhages and lique~ 
faction necrosis may ensue. Frequently there is a diffuse panarteritis of the 
small and medium-sized brain-vessels and glia proliferation. Inflammatory 
infiltrations tend to occur in the perivascular spaces and in the meninges. The 
morphologic characteristics of this lesion are very reminiscent of the so-called 
“brain rheumatism”, ‘‘periarteritis nodosa of the brain”, certain types of hyper- 
tensive encephalopathy’, “toxic”, “post-infectious” or ‘allergic encephalitis 
and the cerebral lesions that accompany scleroderma or lupus erythematosus. 
As we shall see in the corresponding passages of the section on Neuro- 
psychiatric Diseases of Adaptation’’ (see: “Encephalitis”), hi there 
are no clear-cut differences between these supposedly distit } i 
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It is hardly justified therefore to classify them 
specific of any one systemic disorder which they may 
the DCA-treated rats at first show an extraordinary 
ability. They suddenly jump into the air or bite if on 
Later, periodic clonic contractions of the digits of a f: 
specially when the rats try to walk or are irritz 
the head and shoulder muscles undergo rapid cc 
unilateral, causing rather characteristic clonic rotatorm 
shoulder-girdle and head. Less frequently the contrac 

lead to sudden backward jerks of the head and shoulders. D 
the animals tend to salivate profusely, foaming saliva : 


: manifestation 
¥- unctionalhy 
' ‘Uvity and irrit. 
‘s to touch them 

are often seen. 
ore severe 
these are an 
vements of the 
re bilateral and 
ring these Spells 
iown from their 


1s 


le] 
Z 


mouth and after this. they fall to the floor of their cages in an apparently 
unconscious state. In this sense the attacks resemble epileptic fits.% : 

In young rats this syndrome of chronic DCA-overdosage is accompanied by 
extraordinarily pronounced edema of the brain, with an increase in the mi 


of the hemispheres, narrowing and even obliteration of the sulci, flattening of 


Motor disturbances due to periarteritis nodosa of the brain. — A. DCA-treated rat with 
periarteritis nodosa of the brain, shown during rest between two spells. — B. Same rat shown 
during typical clonic spell with rotation of the shoulder girdle and head towards the left. — 
C. Brain of normal control rat. — D. Brain of DCA-treated rat. Note hemorrhages and edema. 
(Selye B1204/46.) 


Effect of DCA upon the skull, in the rat. Calvarium of a normal (left) and chronically DCA- 


treated (right) rat; both sensitized b i hat sensith 
3 i s y unilateral nephrectomy and NaCl. Note tha 4 
procedure itself had no effect, but in DCA treated animal "then was considerable distention 


of the skull, with separation of th re: brain 
ull, ie sutu: 
ea ; ao s due to pronounced 7 Selye 35935/ND.) 
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Effect of DCA upon the brain, in the rat. Both animals were sensitized by unilateral nephrec- 
tomy and 1% NaCl as a drinking fluid. — A. Cerebral cortex of otherwise untreated control. 
— B. Corresponding area from the brain of a rat which received 1.25 mg. of DCA/day 
during 33 days. Note edema and liquefaction necrosis on the left and a small hemorrhage 
in the right side of the field. A small arteriole near the brain surface is partially hyalinized. 


(Selye 35935/ND.) 

the gyri as well as petechial and occasionally massive hemorrhages. In imma- 
ture rats — while the bones are still pliable and readily adapt their form to that : 
of the brain — such cerebral lesions lead to a marked enlargement and rounding 
of the skull. It was noted, in the same experimental series. that young rats 
survived severe DCA overdosage better than the old ones. This was ascribed 
to the fact that they are less likely to develop severe intracranial pressure as 
a result of the above brain changes, because their skulls are still capable of 
distention. — In adult rats, in which we removed the calvarium surgically before 
the production of DCA-overdosage, the brain could readily distend when it 
subsequently became edematous and developed inflammatory infiltrations and 
hemorrhages. In agreement with expectations these animals survived DCA- 
treatment longer than intact adult controls.” ; 

The fact that removal of the calvarium greatly prolongs the survival time 
of these DCA-overdosed rats furnishes another example of the great impor- 
tance of local peripheral factors in the pathogenesis of diseases of adaptation. 
In this case a peripheral intervention relieved the intracranial pressure. This 
exerted a life-maintaining effect, although the other manifestations of hyper- 
corticoidism (e.g., periarteritis nodosa, nephrosclerosis, myocardial lesions) 
Temained uninfluenced. ; Ang 

It is noteworthy in connection with the conce 
of adaptation (cf. p. 671) that other mine 
and even gluco-corticoids (e.g-, cortisone) 
Structural changes in the rat brain an 
‘an lead to the development © 
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On the other hand, parenteral injection of an aqueo 
appears to protect the brain From exposure to edema 
to be a certain antagonism between the mineralo-corticoic! 
corticoid (cortical extract) compounds, since the forme: 
diminish the edema tendency of the brain. 


cortical extract 
Here there appears 
(DCA) and aluco. 

crease, the latter 


Cortical extracts also cause an increase in amplitude a ome change in th 
frequency of the electroencephalographic waves, both in «\inals and in m S 
It was concluded that adrenal-cortical hormones may play a significant ee 
in the basic physiologic mechanisms of brain activity." “I'he abnormal EEG 


of addisonians returns to normal under the influence of cortisone therapy. 


Studies on brain metabolism in vitro, suggest that DCA and allied steroids 
may cause anesthesia through their effect upon respiratory enzymes.5% How. 
ever, the intimate mechanism of the anesthetic action is still far from being 
clearly understood. 


Pregnenolone, a close derivative of the corticoids, allegedly improves 
performance in “pursuit meter’ tests in men exposed to mental stress or 
simulated high altitudes.*' In rats, pregnenolone did not increase the maze- 
learning ability under basic conditions, but after exposure to cold the perform- 
ance of pregnenolone-treated animals was slightly superior to that of untreated 
controls.s? Because of their practical importance such observations would 
deserve to be confirmed on a larger experimental material. 


The many publications reviewed in the preceding paragraphs clearly indicate 
that the corticoids exert a very important effect upon the function of the 
nervous system. Up to now it has been customary to consider almost only 
adrenaline as a hormone which could be liberated under the influence of 
systemic stress to condition the response of the nervous system in emergencies. 
The data reviewed above strongly suggest that corticoids are at least equally 
as important. However, their effects are more likely to be manifest upon chronic 
exposure to stress, while the actions of adrenaline are most conspicuous in 
acute emergencies. 


Kidney. — The effect of the kidney upon the nervous system has not 
received much attention in connection with the G-A-S. Let us merely recall 
here that a “hypertensive encephalopathy” with hyalinization of the brain 
arterioles is readily produced by the “endocrine kidney’’ ** and there is reason 
to believe that both increased production of renal-pressor-substances and a 
decrease in their detoxification by the kidney, play a réle in this as in most 
other manifestations of the hyalinosis syndrome.*' 

Rats made hypertensive by enclosing their kidneys in latex rubber capsules 
exhibited a consistent and significant reduction in their appetite for sy 
salts. It was pointed out that since sodium-depletion prolongs the survival ° 
animals rendered hypertensive by DCA, this observation “adds another item 
of evidence in favour of some as yet unexplained relation between the 
tensive state and sodium metabolism” .®* 


hyper 
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Other stimuli, — Insulin hypoglycemia causes pronounced neuro-psychologic 


.turbances: hence it is noteworthy that overdosage with this hormone appears 
dis roduce a marked discharge of both adrenergic and cholinergic nerves." 
to P play a role iy the pathogenesis of tension-depression states *? and 


This may 


the mechanism of s! ock-therapy.®® In this connection it is also interesting 
= t insulin shock, a ell as other intense, acute alarming stimuli, tend to 
a re conditioned reflexes in animals in which these were lost due to lack 


SS 


resto 


of re-enforcement.” 


series of exper! 
metrazol and electric 


ents in which this effect of insulin was duplicated by 
hock, inspired the remark that: “It appears to be signi- 
inding of the mechanism of shock-therapy to point out 


derst 
ficant for the un : 

ures studied in this paper presumably act on the cortex by 
that the proced ne Pp Pp 


i inhibitory processes - 

Be cteeriment: on rats were expressly performed to examine the réle 
of the diet in the production of a G-A-S during adaptation to nervous stimuli. 
These showed that “repeated, intense audiogenic stimulation causes much more 
nervous and somatic damage in rats kept on a high, than in those receiving 
a low protein diet’. These observations were interpreted to indicate that 
adjustment to nervous stresses is largely dependent upon the same conditioning 
factors which regulate the development of a G-A-S in response to other alarm- 
ing stimuli.®* 

Racial factors also appear to affect the reaction of the nervous system to 
stress. This is abundantly evident from everyday clinical experience, but it 
has also been demonstrated under accurately controlled laboratory condi- 
tions. Thus certain strains of rats react with epileptoid convulsions when ; 
stimulated by sounds of high frequency, while other strains are quite resis- ; 
tanto 


Neuropsychiatric Diseases of Adaptation 


A large number of neuropsychiatric disturbances are probably diseases of | 
adaptation, in the sense in which we defined these. Although nervous an 
emotional stressors are most effective in producing such diseases, essentially | 
similar derangements can be elicited by exposure to a variety of other en 
Psychosomatic derangements, neuroses and perhaps even psychoses and organic 
changes in the brain tissue itself, may result from maladaptation to see 
No doubt here derailments along the nervous pathways of the eo are 2 
Special importance, but in many instances there is a good deal of ev pace ° ; 
indicate that the hypophysis-adrenal system also plays a prom le. 

Psychosomatic derangements, neuroses, neurasthen 
— Several excellent monographs review I 
Production of psychosomatic disturbanc 


Tesult of maladaptation to nervous 
A Aall 
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derangements ‘common to all neurasthenics; slow sediment 
increased viscosity of the serum, increased red blood-count 
hyperacidity of the stomach’’.** 


ation of the blood 
phosphaturia and 


Using a convenient standardized technique of painful stimulation 9a ¢ 
study of somatic responses in psychoneurotics exposed to nervous str at 
was concluded that psychiatric patients with somatic bos: 
manifest increased physiologic responsiveness in the related 
or mechanism, upon exposure to stress. The disturbance appears to be specif 
to the physiologic system associated with the complaint and can be dene : 
trated objectively even though the subjective symptom is not expense 
at the time of stress’’."** This may help to understand how specific response 
in a predisposed organ system can be elicited by non-specific stress situatigny 


“it 
-omplaints tend to 


physiologic system 


A change in occupation, or any other nervous strain requiring adaptation 
may lead to a transient emotional crisis at least in predisposed individuals 
This was descriptively termed “adaptational crisis” (the “ Anpassungskrise” 
of the German investigators), in order to denote its dependence upon an effort 
to adjust oneself.** More recently, special attention has been called to the 
close relationship between the somatic manifestations of the G-A-S and many 
psychosomatic disturbances seen in clinical medicine.”» A study of the 
neurotic reactions to severe combat stress among aviators during World 
War II reveals many instructive instances showing that after the initial intense 
responses to emotional stress a great deal of resistance is acquired, but “‘every- 
one has a limit to the amount of stress which he can withstand” and eventually 
exhaustion sets in. This has been referred to as “‘operational fatigue’.°° The 
striking similarity between these three phases and the corresponding stages of 
the G-A-S hardly requires much comment. 


The “operational fatigue’ of combat aviators is probably related to the 
“chronic fatigue syndrome” which tends to develop not only after prolonged 
nervous strain, but also during various endocrine disorders (e.g., hypocorti- 
coidism, hypothyroidism) and in post-infectious states (e.g., after influenza, 
undulant fever, dysentery).** The adynamy and prostration of the ‘malignant 
syndrome” elicited by acute infections, has been regarded as largely due to 
diencephalo-hypophyseal lesions developing during the A-R."* 

In this connection a detailed study of the emotional disturbances caused by 
nervous stress in the civilian population of Austria during World War II also 
proved very instructive. The usually observed syndrome was described as 
characterized by the following symptoms: disturbances in the tonus of the 
blood-vessels, excessive sweating, disturbances in the cardiac rhythm a0 
blood-pressure, paresthesias and diffuse aches and pains, irregularities Le ae 
contractility of the iris, dizziness and fainting, hyperthyroidism, loss of libido 
with impotence in the male, menstrual anomalies in the female, disturbances g 
micturition, insomnia at night with extreme fatigue and sleepiness during ‘ 
day, constant fluctuation between profound depression and extreme excet 
derangements in memory and the power of concentration and a particula'y 


** de Courcy and Vollmer B34728/49. “ Grinker and Spiegel B18363/45. 
"Malmo et al. B47043/48, ‘> Bansl and Schwarting B46780/50 
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ight or whenever the patient is alone.*® Space does not permit us to discuss 
oF nese neuropsychiatric disturbances in detail, but we wanted at least to 
al merate them here, since in our opinion they are fairly typical of the response 
ay Jong-continued systemic stress. 

to 4 ; 5 Fi - 

ACTH did not prove to be useful in patients with various anxiety states, 
Ithough their somatic responses to the hormone may have been slightly 
a 
abnormal.°"* " 

It has been claimed that “acute alcohol poisoning and the repeated alarm 
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ndency towards self-torture, fear, depression and compulsive thinking 


uli associated with alcoholism lead to various stages of adrenal cortex 
Be eciency.” Furthermore, delirium tremens has many points in common with 
the Addisonian crisis (hypoglycemia, hyponatremia), hence it was concluded 
iat “delirium tremens, which occurs only in chronic alcoholics, is readily 
explicable in terms of the adaptation syndrome’. This led to extensive studies 
concerning the effect of ACTH in alcoholics. From these it was deduced that 
“whereas ACE (adrenocortical extract) is effective in Korsakoff psychosis, 
| ACTH is not; both ACE and ACTH are effective in the treatment of acute 
| alcohol intoxication. In this condition ACE is probably preferable because of 

its greater sedative action. In delirium tremens ACTH is easily the most 
| effective treatment we have used, and is superior to conventional treatment 
and the use of ACE”’.** 
Preliminary experiments suggest that DCA given in combination with 
ascorbic acid, is beneficial in various types of psychoneuroses (mainly depres- 
| sive states) ,9% but the brief published statement concerning these observations 
permits no definite conclusions. 

It has already been mentioned that cortical extracts allegedly exert a 
beneficial affect in the prophylaxis and therapy of experimental neuroses in 
: sheep.’ Similar claims have been made of their utility in various acute 

“confusional states’’,1°" psychoneuroses,!”* and chronic alcoholism 1 in man. 

It is perhaps also noteworthy in this connection that ammonium chloride 
— which proved so highly effective in counteracting DCA-intoxication in 
animals — often causes prompt relief of premenstrual headache in women in 
whom this condition is accompanied by sodium retention.'°"* 


Psychoses. — The participation of endocrine factors in the pathogenesis 


___ of psychoses has long been suspected on the basis of indirect evidence. Alleg- 
edly there are histologic changes in various endocrine glands of schizo- 
Phrenics 4 and diverse types of psychoses tend to be associat BULOAC 
functional endocrine disorders,” as well as abnormal s : of 
neurogenic stress, !05* acm 
Special attention has been given in this 
and the adrenal-cortex. In ing’s § 
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quite common and sometimes they even progress to ai 
Since ACTH production is excessive in Cushing's disease 
speculate on the possibility that such mental aberrations ; 
increased endogenous production of this hormone. 


act 
F ual _ Psychosis, 105 
CIS interest; 
light res sting ts 
(At result from Pa 


In Addison’s disease depression, melancholia and confusional 
frequently observed and even frank psychoses may develo States are 
instances of schizophrenia or acute delirium, histologic changes In other 
both in the cortex and in the medulla of the adrenals Bltho# 1 re: observed 
definite evidence of Addison's disease.'°* ugh there was no 


Several investigators reported data suggesting some f i 
insufficiency in psychopaths." It has been Poyned that ae 
iduals, psychotics do not show hyperglycemia during excitement; inde a 
may develop hypoglycemia, presumably because of an increased ingtlil a they 
or a diminished adrenaline discharge during emergencies.’ The ome 
should also be considered that the lack of hyperglycemia in these aie is re 
be related to some functional gluco-corticoid deficiency. mee 


ie a seed and schizo ce ea 
een chizophrenic men using 
several recognized indices of adreno-cortical function, such as: determination 
in the urine of 17-KS, corticoids, electrolytes, inorganic phosphates, uric acid 
and in the blood, of lymphocytes, eosinophils, electrolytes and sugar. Such 
studies have been made before and after four tests designed to evoke endogenous 
adreno-cortical activity: 1) glucose administration, 2) pursuit-meter operation, 
3) target-ball frustration test, 4) ACTH administration, as well as after treat- 
ment with active cortical extract.” A synopsis of the many pertinent data led to 
the conclusion that ‘‘of these procedures the target-ball frustration test proved 
to be least effective in eliciting enduring changes indicative of adreno-cortical 
activity. Data significantly indicative of adrenal-cortex activation were obtain- 
ed for the normal men in the glucose-tolerance, pursuit-meter and ACTH tests, 
while a significant evidence of responsivity in the patients’ data occurred only 
in the lymphocyte response to glucose administration. The behaviour of the 
indices of adreno-cortical function following ACE (adreno-cortical extract) 
was similar in the two groups and they could not be significantly differentiated. 
It is deduced that the responsivity to ACE is similar in the two groups, but 
that activation of endogenous adreno-cortical secretion generally fails in the 
psychotic subjects. Evidence is thus provided of a species of hypoadrenalism 
in the psychotic subjects’.111 However, other investigators," who used insulin- 
shock, electro-shock and adrenaline injections as stressor agents, noted an 
essentially normal ACTH discharge in psychotics. They conclude that failure 
to respond to psychologic stressors (in the work of the above-mentione 
investigators) is probably due to the fact that schizophrenics do not respo” 
markedly to this kind of stimulus. Furthermore, the subnormal reaction ) 

_ ee 
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CTH which had been reported in schizophrenia 1!3 has not been observed in 
iavolutional melancholia ” and hence cannot be regarded as characteristic 
of psychoses 19 general. Yet, the interesting possibility of interpreting psychoses 
as diseases of adaptation due to a derangement in the response to the stresses 


and strains of daily lit 


1s 


’ would deserve further investigation. 


Additional data which are compatible with this interpretation, have been 
derived from observations concerning the sodium elimination through the sweat. 
This was found to be ‘above the normal range in most psychotic patients, 


irrespective of their clinical diagnosis, who have been ill for more than three 
ears. Patients ill for shorter periods may show either normal or high values. 
Elevated sweat sodium concentrations fall to normal during insulin therapy, 
electro-shock therapy, and spontaneous remissions. These observations suggest 
that diminished production of hormones controlling the electrolyte balance is 
frequent in psychosis and that treatment stimulates production of these hor- 
mones.215* 

Pertinent data have also been derived from observations on psychotic 
patients treated with corticoids. Allegedly, in patients suffering from manic- 
depressive psychosis, the manic phase has responded favourably to adreno- 
cortical extract therapy and beneficial results have also been reported in schizo- 
phrenia.4® However, up to now only a few patients received such treatment. 

In patients given fever therapy for syphilis of the nervous system, simult- 
aneous treatment with adreno-cortical extract has yielded favorable results 
which “suggested that the extract may act upon the central nervous system”.1!* 

The euphoria caused by gluco-corticoids (e.g., cortisone) in man and the 
encephalopathy caused by severe cortisone overdosage in experimental animals 
certainly suggest that these hormones exert an important action upon the brain, 
but it remains to be shown whether this will be of therapeutic value in mental 
disease. 

In a number of psychotics in whom other types of treatment (including shock 
and psychotherapy) had failed, DCA administration allegedly proved to be 
effective, but here again the number of cases treated is so far very small. 
Further observation will also be required to verify the allegedly beneficial effect 
of combined DCA-ascorbic-acid therapy in psychotics." 

In Addisonians receiving large doses of DCA, various nervous symptoms 
described as neurasthenia, anxiety neurosis or even “persecution mania” have 
allegediy developed as a result of the treatment.1® Such complications are 
undoubtedly quite exceptional, but they are interesting from a theoretic point 
of view. Here again one is reminded of the encephalopathy ca by DCA 
in the rat, since it is also conducive to excitement, confusio peccother 
functional disturbances of the central nervous syste j a 

As regards the therapeutic application © treatment of 
Psychoses, available data are still mea: 
hes is a characteristic con 

ormone definitely infl 


676 NEUROPSYCHIATRIC DISEASES OF ADAPTATION 


and depression which it may produce), ACTH was given 
involutional melancholia. Although marked eosinopenia resi 
clinical improvement; subsequent electro-shock therapy 


he, a patient With 
ited, there Was no 


remission, although it caused a lesser eosinopenic respons: — a definite 
concluded that “increased production of 11-oxysteroid comm this it Was 
responsible for the eosinophilic cell response, is not the cause of ¢ lini me: to be 
in patients given electro-convulsive therapy’’.1°° Yet, a otha Cal remission 
involutional melancholia “was able to go back to work soon ate we 
with ACTH and two months later she still is working, although hee 
no further therapy”.’*! The beneficial results in the latter instal i a re 
been coincidental, but the possibility must also be kept in mind thatthe — 

Ta- 


peutic effect of ACTH may depend upon hitherto unidentified conditioni 
factors. The inadequacy of ACTH in patients in whom electro-shock is ie 
may likewise depend upon the fact that, in addition to the ACTH dis Me 
shock-therapy causes several metabolic changes which may conde i 
effectiveness of the hormone. (Cf. also “shock-therapy”’ on page 106). ae 
urinary elimination of gluco-corticoids is markedly increased in psyehotls aie 
respond favourably to electro-shock therapy.’*™* m 
Non-specific encephalitis and allied encephalopathies. — In the exper- 
imental section of this chapter we described in detail those structural hen es 
in the brain which occur in animals receiving excessive amounts of aise 
corticoids (e.g., DCA, desoxocortisone), gluco-corticoids (e.g., cortisone) 
or LAP. These lesions are strikingly similar among themselves and also 
resemble those which develop in man under the influence of a variety of stressors, 
such as infections or drugs, known respectively as “post-infectious encephal- 
opathy”™ or “toxic encephalopathy” (cf. above). Very similar changes in the 
brain have been described furthermore in hypertensives as “hypertensive ence- 
phalopathy’’,!** in nephritics as “edematous necrosis of the brain’’,)*3 in patients, 
with periarteritis as “ periarteritis nodosa of the brain’*4 and in rheumatic 
fever as “rheumatic encephalopathy” or “brain rheumatism”.25 In all these 
instances the brain lesions have received different names because it was tacitly 
assumed that these are essentially distinct nosologic entities. It is important to 
realize, however, that all the above-mentioned encephalopathies are essentially 
characterized by vascular lesions of the non-specific “hyalinosis”’ and panart- 
eritis type, which lead to hemorrhages, an increase in the permeability of the 
capillairies, edema formation, and subsequently to non-specific nutritional dis- 
turbances in the brain; these are in turn followed by glia proliferation. Whether 
the lesions present themselves as multiple small foci, or as extensive hemorrhagic 
and necrotic patches, depends largely upon the caliber of the vessels involved: 
Incidental conditioning factors may also influence the resulting morphologic 
changes. Thus, a high blood-pressure or a clotting defect will augment a 
tendency to form brain hemorrhages in the presence of vascular damage, 2” 
in chronic lesions, glia proliferation and healing will be more prominent thap 
in the acutely fatal types. Nevertheless, it must be kept in mind that all the 
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ferent names refer to essentially the same non-specific morphologic lesions 


di ; Es 
onl that these can be accurately reproduced by overdosage with exogenous 
corticoids and by stimuli which increase endogenous corticoid production. 


It is particularly instructive to note, in this connection, that an essentially 
imilar encephalopath) may also occur in man following treatment with 
CTH or DCA.*7 
lata we consider it highly probable that this non- 
specific type of encephalopathy is a disease of adaptation. 

Polyneuritis. — It is a well established fact that polyneuritis may develop 
following @ number of infections and intoxications, especially after diph- 
theria 128 and treatment with sulfonamides ™® or other compounds causing 
allergy: In these cases it is frequently accompanied by cardiovascular and 
renal changes similar to those produced by corticoid overdosage. Sometimes 
animals receiving large amounts of mineralo-corticoids also exhibit inflammatory 
changes in the peripheral nerves.8? 

Poliomyelitis. — It has been mentioned in connection with the phenomenon 
of crossed resistance that “the effect of stress factors in preventing the 
development of lesions is beautifully illustrated in the epidemiology of polio- 
myelitis and in experimental studies of the infection in monkeys. There is 
the time-honored observation that the disease affects only the healthiest 
children in the community; the incidence is heavy in country districts and 
light in the towns; heavy in suburbs and light in the slums; heavy in the 
well-cared for children of countries with low infantile mortality and negligible 
in undernourished tropical children; higher in American whites than negroes; 
higher in officers than in men, higher in the autumn when food and vitamins 
are more plentiful, than in the spring, the season of scarcity, of pellagra and 
rickets. Experimentally, various forms of trauma and malnutrition lower the 
incidence of the disease or give complete protection.” ... “The agents which 
Selye used to provoke an alarm-reaction in rats are all obviously potent in 
the prevention of poliomyelitis.” ™! Yet up to the present ACTH proved 
ineffective in the treatment of poliomyelitis in man.1°* 

The fact that those muscle groups which are particularly exposed to fatigue 
tend to be most seriously affected in poliomyelitis may well be due to the 
phenomenon of neuronic exhaustion which will be discussed below in connec- 
tion with neurosyphilis. 

Neurosyphilis. — It had long been recognized that in tabes the loss of 
tone and sense of position affect first those muscle groups which are most 
intensely in use. This led to the formulation of the “exhaustion theory” of 
tabes.185 Subsequent animal experiments showed that in the neur hi 
a rabbit it is possible to induce the first nervous manifestat! 
eae exposure to light and dark, so tha’ 
Be ‘Ops rapidly. “Tt seems reasonable to supp 
oe nutrition and yet continues to function 

y overbalance the anabolic ones, and 
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In this sense, the systemic metabolic manifestations of the G 
influence the course of neuro-syphilis while local factors act as “ -A-S ma 
agents’. Conditioning 
Even general paresis can be precipitated by an emotional shock 135 
"and it 


would be interesting to determine whether the G-A-S mechanism j 
in this response. Sm Participates 


Effort syndrome, neuro-circulatory asthenia or Da Costa’s 

This syndrome is characterized by manifestations which . reatl Flea ee 
jects’ capacity for effort. The cardinal symptoms and sign: ‘re Ea ne se 
palpitations, fatigue, left thoracic pain and dizziness, with Funchal 1 dee 
ances of the respiratory, vasomotor, muscular and sweat gland s z se 
syndrome is usually classified with the neurasthenias and has been fhe 
thus: ‘“‘neuro-circulatory asthenia is a condition characterized by in a e d 
of the nervous and vasomotor systems, with clinical manifestations of ae 
dyspneea, palpitation and precordial pain”’.!°* In spite of a considerable ee 
ature on this subject,!8? we know very little about the pathogenesis of ‘ie 
syndrome. It has been related to hypoglycemia or excessive adrenaline se - 
tion 188 and it was pointed out that patients affected by the effort ayaa 
usually exhibit signs of constitutional physical and nervous weakness, exhane 
tion by exposure or continuous hard work, delayed convalescence from acute 
illnesses (such as rheumatic fever, pneumonia, pleurisy, dysentery, influenza 
or tonsillitis). Many of them suffer from unrecognized infections (e.g., inci- 
pient tuberculosis, focal abscesses, etc.).189 All these observations suggest some 
relationship to the diseases of adaptation. 


“Shock disease”. — This is a disease which periodically decimates the 
snowshoe hare in the U.S.A. by the sudden development of fatal hypoglycemia. 
The cause for the periodicity of the mortality from this disease is unknown. 
It is interesting, however, that “during the period of decline, the hares of the 
Lake Alexander area and throughout Minnesota in general, became unable to 
survive for more than a short time when held in captivity and many died in 
live-traps almost immediately after they were caught. They appeared to be 
abnormal, suffering from a condition that caused them to succumb when subjected 
to stress””.#° Morphologically, the outstanding manifestation of ‘shock phase’’ is 
a peculiar and ill-defined degeneration of the liver with disappearance of hepatic 
glycogen. Here we are undoubtedly dealing with a disease of adaptation in the 
sense that the malady particularly impedes resistance to any kind of stress, 


but it has not yet been established exactly how the G-A-S mechanism is 
deranged. 


Other neuropsychiatric disturbances. — In one relatively early case of 
multiple sclerosis, and a rapidly progressive case of amyotrophic lateral scle- 
rosis, ACTH may have caused some slight improvement, but treatment was 
continued for a few days only and hence it is too early to draw definite 
conclusions.'#1 

Special attention has been given to the development of the G-AS % 
paraplegic patients. The conclusion was drawn that “the physical an 
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emotional stress, to which the paraplegic must constantly adapt himself, 
might Be a iactor Bend the increase of 11-OCS (gluco-corticoid) excre- 
tion according to the ‘adaptation concept’ of Selye”.1#? 


Theories and Summary of Observations Concerning the 
Participation of the Nervous System in the G-A-S 


It has been mentioned in other connections that emotional and nervous 
stressors are particularly effective in eliciting the G-A-S, both as regards 
the manifestations of damage (e.g., shock, gastric ulcers, etc.) and of defense 
eg., liberation of ACTH. corticoids, adrenaline). Hence sedation, anesthesia 
or deafferentiation of directly injured areas diminish the intensity of traumatic 
shock, although they do not abolish it completely since humoral factors are 
likewise involved (cf. pp. 138, 166). 

The liberation of adrenergic substances by the adrenal medulla depends 
almost entirely upon its secretory, splanchnic nerve supply. The discharge 
of vasopressin by the posterior-lobe becomes impossible following transection 
of the hypophyseal stalk since this intervention causes an atrophy of the 
entire posterior-lobe. On the other hand, stalk-transection does not interfere 
with the discharge of ACTH during the A-R (cf. page 570). Presumably the 
latter response is largely, if not entirely, dependent upon humoral factors. 

Stress itself, and certain hormones produced during the G-A-S especially 
ACTH and the corticoids, can even produce severe morphologic changes in 
the nervous system. Among these, edema of the brain, hyalinization of its 
vessels. nutritional disturbances (liquefaction necrosis, hemorrhages) and sub- 
sequent neuroglia proliferation are particularly prominent. Frequently this 
is preceded or accompanied by increased formation of cerebrospinal fluid and 
a tise in intracranial pressure. This type of encephalopathy may result in 
epileptoid attacks, acute excitation and confusional states or, in severe cases, 
pronounced depression and even coma. 

Several neuropsychiatric derangements have been interpreted as diseases 
of adaptation primarily due to derangements of the G-A-S mechanism. Most 
important among these are certain neuroses and psychoses. Several invest- 
igators claim to have obtained beneficial results with corticoid or ACTH 
therapy in experimental neuroses, as well as in certain neuroses and psychoses 
of man, but pertinent data do not yet permit definite conclusions. It is certain, 
however, that in man, a state of euphoria, sometimes followed by severe depres- 
sion, can be induced by the administration of cortisone OF AGTH: 
functional changes, as well as the well-known anesthetic effect 
show that the ACTH-adrenal mechanism can influence 

Certain encephalopathies of man (e.g-, 
allergic, rheumatic and post-infectious en! 
produced by ACTH or corticoid ove 
ere again we are dealing with a ¢ 
of which increased A 
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Eye. — It has long been known that during the A-R (produced by co] 
formaldehyde, spinal shock, adrenaline, atropine, morphine. etc.) there i 
be a temporary clouding of the lens, which tends to vanish rapidly when ral 
animal recovers from the shock phase.’ Subsequent investigators repeatedly 
confirmed this in animals severely damaged by acute anoxia® or adrenal 
overdosage ® and also interpreted the change as due to the shock-phase of 
the A-R. 


Allegedly, this clouding of the lens may be the immediate consequence of 
derangements in carbohydrate metabolism during the A-R. It is interesting 
therefore that similar changes have been noted in man not only during diabetic 
coma but also after other conditions of dehydration." 

The contractility of the pupil is severely deranged during traumatic shock 
in man; it may be excessively contracted, dilated or immobilized.® “This 
failure of the pupillary reaction points to a block of the nerve impulses along 
the reflex path involved in the reaction and is further indication of injury 
to the nervous elements’’.® 

It is not within the scope of this volume to discuss the many aspects of 
what has been termed “allergy of the eye and its adnexa’. Let us merely 
refer the reader to the excellent monographs 7 which, in reviewing the extensive 
literature on this subject, came to the conclusion that many of the pertinent 
changes are undoubtedly due to deranged homeostatic mechanisms. Their 
precise relationship to the G-A-S has not yet been examined. 

Various inflammatory diseases of the eye can be successfully treated with 
artificial fever or parenteral foreign protein therapy. It has been suggested 
that here again the benefit is largely due to the G-A-S mechanism and parti- 
cularly to the endogenous liberation of ACTH and gluco-corticoids.™ On this 
rationale cortisone or ACTH have been administered in such varied conditions 
as luetic keratitis, keratitis with anterior uveitis, plastic iritis and retinitis 
centralis, with most satisfactory results. Indeed cortisone proved to be effective 
even upon local application to the eye,” choroiditis, anterior and posterior 
uveitis, retinitis pigmentosa, choroideremia, optic neuritis and retsobalba 
neuritis, while in four cases of glaucoma secondary to severe uveitis, the resu ts 
were not striking.” The fact that such a wide variety of ophthalmic condi 
is improved by ACTH or cortisone clearly shows the non-specificity of & 
therapy (cf. also illustrations on pp. 681-685). 

The so-called rheumatic diseases of the eye® should also be ¢ 
in this connection. Here, the fundamental histologic lesions are ver 


onsidered 
y similat 
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hose observed in other mesenchymal organs and ACTH or cortisone appear 
“ ly effective in pertinent types of iritis, iridocyclitis, uveitis and 


iditis.™* It becomes increasingly more obvious, however, that the separa- 
ae “cheumatic” from other inflammatory lesions of unknown origin is of 
a Jue in ophthalmology. In either case the principal culprit is not the 
ue es but the host, and treatment is more effective if it succeeds in rec- 
Pete vlty host-reactions to local stress (ACTH, cortisone, non-specific 
oo than if it \imed specifically against the unidentified pathogen 
Tapecific antisera, antibiotics, sulfa-drugs). 
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CORTISONE SCHEDULE 
137-390 DAYS — 5Omem Q4H 
4™,5™ DAYS — 5Omcm Q6H 
flect of cortisone upon retinitis centrali 

rapid improvement obtained with glu 


“Mann and Markson B47801/50.. 


erans treated with ACTH. — A. Before treatment. Vision 2/200. 


Non-diabetic retinitis prolif : 
Vitreous extremely cloudy, fundus barely visible with opththalmoscope. — After 9 days of 
ACTH (approximately 80 mq./day). Vision 6/200 +. Vitreous has cleared considerably and 
since it is NOW less hazy, the fibrous bands are more visible. 

(Courtesy of Dr. D. M. Gordon, New York.) 
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ee 2 and 3 mm. targets at 1 m. 
arge blind spot on the left with 3 mm; failure of rid 
blind spot completely ("breaking through of b 
Vament note that fields are almost no 
ision became practically normal. 


*iat) 30 — 


aanie exudative chorioretinitis treated with ACTH. — A. Two weeks afte 
ee pe (Patient had received penicillin, sulfadiazine, meecniyela be eS ee 
| gist). Four distinct exudative lesions near the upper left corner of the fl Fm ophithal: 
— edema and cellular infiltration of vitreous body, as seen with siitelea +a makes 
- ae ee in center are reflections of arc-lamp carbons.) Vision at ite time 20/40 
Sane! pe es ee treatment with ACTH. Beginning dosage 80 mg./day grad ally 
as aed re ae Ne scene subsided in 24 hours, lowermost exudative wee 
toate : y © E inally (as shown here) topmost area heals with pi a 
p ration. ormerly large exudative lesions on vessel have shrunken and are Feet 
y 


absorbed. Vision 2 ) 
0/15. (Courtesy of Dr. H. E. Thorpe, Pittsburgh.) 


E i : 

ie oe — jar zoster ophthalmicus. 61-year-old woman with herpes zoster 

7 tegpace ay * ; : eos treatment. — B. 24 hours after initiation of ACTH treatment. 

wees al otal o owe mg. over a period of 10 days and during this time improvement 
. spectacular efficacy of the therapy is already quite obvious, however, after 

(Courtesy of Dr. E, H. Steffensen, Henry Ford Hospital, Detroit) 


24 hours as seen in this picture. 
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Effect . er 

nce hig i plastic iritis. 63-year-old male with severe plastic iritis. Before (left) ne 

four days after he had received 220 mg. of ACTH in divided doses, He Was eta ; 

pce pot g. re and cleared completely in eight days. When seen ’ : 
n of therapy, there was still no evidence of recurrence. 


(Courtesy of Dr. E. H. Steffensen, 


Effects of ACTH upon hypopyon keratitis. — A. Left 
eye of a 64-year-old male with acute hypopyon keratitis. 
The eye is painful and inflamed, the cornea infiltrated and 


stains with fluorescein. There is extensive fibrinocellular 
exudate (to level of arrow) in the anterior chamber and 
acute iridocyclitis. Iris markings are extremely hazy due 


to this exudate. No fundus deflex could be seen. Vision = 
shadows only. The condition developed after trauma to 
the left eye by a stone Patient was treated with anti- 
biotics and non-specific protein therapy without avail. 
Pneumococcus isolated on culture from corneal ulcer. — 
B. Same eye after 140 mg. of ACTH in divided doses 
given during 48 hours. The pain subsided within 12 
hours after initiation of ACTH and redness was much 
reduced. The exudate in the anterior chamber about 
90% concentrically absorbed (see arrow). Iris markings much clearer. Fundus reflex now 
visible. — C. After 12 days of ACTH (total amount 450 mg.), fundus readily seen and could 
even be photographed. Vision now 10/30. The arrow indicates macular changes of traumatic 


origin. (Courtesy of Dr. H. E. Thorpe, Pittsburgh. ) 


Acute choroiditis treated with ACTH. — A. Before beginning of treatment. — B. After 
14 days of A5-pregnenolone treatment. Note that lesions become actually denser and larger. 
— C. After 11 days of ACTH. Healing has begun. — D. 18 days after discontinuation of 
ACTH. Note that lesion has considerably fragmented. This patient also has Buerger's disease, 
which showed great improvement during ACTH-treatment, with partial relapse shortly after 
discontinuing the injections. (Courtesy of Dr. D. M. Gordon, New York.) 
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It is also pertinent to this discussion that psychosomatic fa 

play an important réle in the pathogenesis of some cases of ote aPpeay 

tivitis and chronic blepharitis.* Tonic Conjun 
Observations on severely undernourished prisoners of wa S 

prolonged fasting may also cause disturbances of vision. Thess Suggest a 


ized by annular scotomas and ophthalmoscopic changes su agestee Characte, 
lesions in the choroid and retinal membranes.® Too little js Le Vascular 
n 


these lesions to justify more than their brief mention here. OWN abou 


The exophthalmos of Grave's disease is generally attributed ¢ ‘ 
production of thyrotrophin,’” but perhaps other hormones of ie ae 
are also involved. In any case, administration of ACTH or DCA. 
pigs failed to produce exophthalmos,"* while in man ACTH j 
cularly effective in ameliorating the course of the exophth is ie 
thyroidism. ~s 

It is particularly instructive that in intact guinea-pigs, th F 
only mild and transitory exophthalmos, while after fhtroidectanaial ee 
is much more pronounced and persistent."* The development of o erent 
exophthalmos in the guinea-pig largely depends upon the accu dee 
much intercellular ground substance and water in the conuaelae wee 
the orbit. This is evidenced by the presence of meta chien ee 
of which hyaluronic acid is an important constituent. The hexosami ee 
of these tissues is likewise increased. This is “similar to the a ene 
myxedema in man and suggests a common mechanism for the two condi! : 
a micpabeesh a= are extremely hydrophilic, the aeccuimulaaeeie 
eae en themselves may explain the increased water retention in 
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tetior-lokt 
to guinea. 
€N specta. 
in hyper. 


soar fact pis various allergic reactions of the nasal mucous 
Recent investi - Sie h y stress is too well known to deserve much comment. 
or a i pi showed, however, that “nasal hyperfunction character- 
membranes ee @: hyperemia, swelling and hypersecretion of the 
Rood, Fila ki a. peepea io the nasal secretions and circulating 
weed pollen when th subjects, ‘sensitive’ or ‘normal’, exposed to mixed rag- 
siesta “ews e oes were appropriate.” ... From pertinent 
only in degree, us pies uded that ‘sensitive’ individuals differ from normals 
engl st se - - or stressful life situations may induce nasal hypet- 
function in either, with associated local and circulating eosinophia 
but it is interestin th AC the réle played by the G-A-S is not yet clear 
appearance of thisse ls i d CTH frequently causes an improvement in the 
which tend to occur rge edematous nasal polyps, with mucopurulent discharge 
jg oe Sepeaen in certain allergic patients.1* This hormone also prover 
In this connection a ae of vasomotor rhinitis "* and allergic thinit™ 
or cortisone thera it is interesting that, much before the advent of : 
phenomenon fr ig ‘otor rhinitis has been considered to be an allerg' 
equently elicited by emotional stress factors. “In many % ~— 


&® Halliday B44599 y id B46202/47 
, 9 - 


® Koecher B37757/49. 12 Holmes et al. B33418/ 


10 Selye 94572/49. 18 Bo 
11 Jefferies B41087/49, Rose B46991 
Selye 94572/49. 14 Randolph 


ubLudewig et al. B46258/50, *8 Astwood e 


NOSE 687 


tients with vasomotor rhinitis, especially of the non-seasonal variety, it was 
Pr asible to correlate most of their episodes of nasal disease with periods of con- 
jerable emotional conflict”. Furthermore, the histologic structure of nasal 
a indicates that an allergic inflammation with abundant fibrin deposition 
troma is eventually conducive to organization by “‘fibro-capillary 


Jsewhere in this book we gave considerable attention to the syndrome 
dema, it is noteworthy that undernourished concentration camp 
inmates Were often afflicted with “dripping nose”, shortly before they devel- 
oped widespread nutritional water retention. After onset of the generalized 
edema the dripping continued and, when the diet improved, it disappeared 
together with the other manifestations of hunger edema. In these instances 
there was no evidence of actual rhinitis.** 

Summary. — In the eye, during the A-R, clouding of the lens and derange- 
ments in the contractility of the pupil are quite common. 

Certain inflammatory, allergic or rheumatic changes of the eye, such as 
conjunctivitis, blepharitis, sympathetic ophthalmia, iritis, iridocyclitis, uveitis 
and choroiditis may perhaps be interpreted as ocular diseases of adaptation, 
since they can apparently be elicited by a variety of stressors and at least 
some of them proved to be highly amenable to ACTH and cortisone therapy. 


Since © 
of hunger © 


The exophthalmos of Grave's disease is only one manifestation of thyro- 
toxicosis. The latter has been discussed elsewhere as possibly belonging to 
the group of the diseases of adaptation, but it is relevant to mention here, 
that ACTH can cause remissions of exophthalmos. 

Various types of allergic reactions in the nasal mucous membrane exhibit 
characteristics of the diseases of adaptation and proved to be amenable 


to ACTH therapy. 
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.. appear at the beginning of the resistant stage they 


GASTROINTESTINAL SYSTEM 


The gastrointestinal tract is extremely sensitive to 
strain. This subject has been extensively discussed in ; 
Indeed as early as 1833, Beaumont? saw, by direct inc; 
of the mucosa during emotional upsets in the stomach of 
gastric fistula. The predominantly adrenergic stimu! 
intestinal vessels and musculature during the “emergenc 
frequently cited pertinent observation. 


kind of Stress a 
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on of the 9astro- 

Y reaction” 3 j, another 


Systemic Stress 


Characteristic response. — When the A-R concept 
immediately became evident that the production of acute g 
hyperemia and erosions, sometimes with hemorrhage int 
very constant and characteristic manifestations of this first 
The formation of an erosion is usually preceded by a p 
hyperemia. Subsequently the mucosa becomes edematou 
derangement in tissue nutrition gradually leads to the brea 
cells, which are exposed to the highly destructive gastri 
the same type of lesion is produced by a variety of drug 
burns, excessive muscular exercise, cold and other alarming stimuli, hence 
its non-specific nature can hardly be in doubt. Although these ulcers dis- 


re-appear during the stage 


was formulated it 
astric and duodenal 
© the stomach, are 
stage in the G-A-S, 
eriod of stasis and 
s and the resulting 
kdown of the lining 
c juice. Essentially 


Ss, traumatic injuries, 


of exhaustion.5 


The healing of the gastric erosions caused by an A-R is very rapid; in the 
rat it is usually far advanced as soon as 24 hours after cessation of exposure 
to the alarming stimulus. The exact relationship between the acute gastro- 
duodenal erosions of the A-R and the chronic peptic ulcer of man has not 

yet been clarified, but probably all these gastrointestinal lesions are interrelated 
to some extent. Presumably the ulcers are largely due to the intense autonomic 
discharge which occurs in the splanchnic area during exposure to systemic 
stress and also elicits marked peristaltic, vasomotor and secretory reactions. 

During the A-R and the exhaustion phases of the G-A-S, erosions may 
also occur in other parts of the alimentary tract, expecially in the upper sm 
intestine. At the same time Peyer’s patches disintegrate, as part of the gener 
caryoclastic reaction of lymphatic tissue. Not infrequently, this is accom 
panied by intense diarrhea or constipation and in certain species (including 
man) by nausea and vomiting.? 

Particularly acute and sever 
part of the cecum which in this 
cases this part of the gut show 


t 
e damage in rats may specifically affect ie 
species corresponds to the appendix. In s 
s hemorrhagic edema similar to that | 
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‘aq the first stages of acute appendicitis in man. It has been suspected that 

during ases of acute clinical appendicitis are perhaps also due to similar 

asta Saber than local causes. Since some investigators believe that the 

Yee from tissues of histamine-like metabolites is the basic cause of shock- 

ms it is of particular interest that intravenous administration of histamine 
sym as 


fective in eliciting such acute appendicular lesions. It is 


previous exposure to a mild alarming stimulus tends 

n of appendicitis by subsequent exposure either to 

: kind of systemic stress.$ It has been claimed, though 

-ndicular lesions of the A-R result from local neuro- 
this part of the gut.® 


proved especially ‘ 
also noteworthy ¢! 
to prevent the pr 
histamine OF to any 
not proven, that th 
vascular derangem« 


i during the A-R. in the rat. — A. Normal appearance of the stomach in 
Seeteaed ne rat. "he the other three animals an A-R was produced by: — ¥ a 
atten cord transection, — C. exposure to a temperature of +2°C, — D, repeated oe 
Shenker exercise during a period of 48 hours, while food was withheld. Note earoraigg | 
Eeverencia of the gastric mucosa, with the appearance of many blood-covered peng ae 
gastric contents also contained much free blood. The eeinanes jueq pew . 
stomach), which is not covered by gastric mucosa but by a stratifie epit poe 
subject to ulcer formation during the A-R. (Selye 35935/ND. 


Gastric ulcers during the exhaus- 
tion phase of the G-A-S, in the 
rat. — A. Normal gastric mucosa 
of control. — B. Hyperemia of 
the gastric mucosa, with numer- 
ous deep blood-covered ulcers, 
following 30 days of exposure to 
cold. Note similarity of these 
lesions to those seen in the A-R. 
(Selye 35935/ND,) 


Trauma. — Following extensive muscle trauma in dogs, congestion, hemor- 
thages and sometimes small erosions appear in the upper gastrointestinal tract 
and the descending colon.’” Using the heart-lung-dog preparation (in which 
Venous pressure and cardiac output can be maint a steady level 
irrespective of systemic circulatory d 
intestinal hemorrhages and_ erosi 
Cardiac output; they appear e 


Shock develo 
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enabled the animal to store quantities of blood equal to about five ,. 
normal blood-volume. “Autopsy revealed no storage depot © tinea 
S other than its 


mucosa of the upper intestines which was always edematous, inte the 
gested and often hemorrhagic’’.'' This intense congestion of the Dsely gan 
viscera in profound shock is in sharp contrast with the abdomin r lanchnic 
striction characteristic of the ‘emergency reaction” to a con. 


nilder stimuli, 
Vomiting, diarrhea or constipation may also develop 


traumatic injuries; they are particularly frequent after 
in the abdomen.’* 


“a Consequence 
Surgical intervention 
s 


Hemorrhage. — Following severe hemorrhages, acute 
occur in animals '* and man; * here again these lesions 
other manifestations of the A-R. 


© gastric €TOsions 
“r€ accompanied by 


Burns. — Curling * was among the first to describe duodenal ulcers ; 
severely burned patients and hence these are often referred to as “Curl a 
ulcers’. It has subsequently been shown that they are frequently accom oe : 
by hemorrhages or even necrosis in the suprarenal glands as well ae 
other manifestations of the A-R.1* Esophagitis or esophageal ulceration like 
wise tend to occur and frequently the gastric mucosa is intensely Congest) 
Here acute erosions may also be seen, but more often blood merely Ocues 
through an almost intact gastric surface lining.!7 

Similar gastrointestinal lesions have been produced by burns in the dog.18 
While both in man and in the dog duodenal ulcers are most common, in the rat 
burns — as well as other alarming agents — more frequently tend to cause 
acute gastric erosions.® 


Allegedly, hemoconcentration plays an important part in the causation of 
the mucosal necrosis which precedes the gastric and duodenal ulcerations; 
avoidance of hemoconcentration prevents the formation of such erosions in 
burned dogs.”° It must be kept in mind, however, that the motility of the stomach 
and the acidity of its digestive secretion are also increased under the influence 
of burns as shown by observations in the dog.?! 


Temperature. — The production by exposure to cold, of an A-R with 
acute gastric erosions in the rat has long been a standard laboratory technique in 
the study of the G-A-S. Interestingly compounds which are normally not, 
or only poorly, absorbed upon oral ingestion (e.g., adrenaline, histamine, aller- 
genic proteins) readily enter the blood-stream from the wound surfaces of 
these gastrointestinal ulcers and thus cause signs of an intoxication. This 
may have a bearing upon the pathogenesis of some manifestations of the A-R, 
since it indicates that toxic, but normally not absorbable, substances ™4Y 
enter the blood from the alimentary tract during the shock-phase and thus 
aggravate the systemic damage.”# 
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Essentially similar gastrointestinal changes — Particularly edema, con- 
estion, and hemorrhages — were found in men who died from heat-stroke 4 
and in guinea-pigs exposed to lethal solar radiation.25 


Jonizing radiations. — Treatment with ionizing radiations causes particularly 
ronounced lesions in the gastrointestinal tract, such as: necrosis of the 
surface epithelium, edema and congestion of the submucosa and severe hemor- 


rhages into the lumen. The hemorrhagic tendency is especially manifest 
because of the vasotoxic action and the occasionally demonstrable clotting 
defect produced by such rays. These structural changes are accompanied by 
anorexia, Nausea, vorniting and diarrhea. The gastrointestinal lesions caused 
py x-irradiation and those elicited by the rays of the atomic bomb are essentially 
the same. This was shown in man and in various experimental animals.2° 


Isolated irradiation of the upper abdomen causes particularly severe necrotic 
lesions in the stomach only.**. This shows that such changes are not entirely 
due to the A-R but partly caused by the direct effects of the rays. The extra- 
ordinary intensity of the gastrointestinal lesions produced by ionizing rays 
also suggests a specific component in their pathogenesis. The lesions in the 
gut are probably further accentuated because these rays exert a specific and 
direct destructive effect upon lymphatic structures (disintegration of Peyer's 
plaques) as well as upon vascular endothelia and the blood-clotting mechanism 
(purpuric manifestations). 


Repeated injections of foreign protein combined with isolated gastric irra- 
diation, in otherwise harmless dosages, causes pronounced ulceration in the 
stomach of the rabbit. This has been interpreted as showing that ulcers are 
the consequence of an allergic (hyperergic) condition, the effects of which can 
be localized in the stomach through the direct actions of the rays.?* As we shall 
see later the presence in the stomach of food (especially carbohydrate) or of 
buffer solutions (e.g., aluminum hydroxide) has an opposite effect; it prevents 
the production of gastric ulcers by various alarming stimuli. These observations 
give further support to the view that individual manifestations of the G-A-S 
can be inhibited or aggravated by local conditioning factors. 


Electric injury. — Repeated exposure of rats to electro-shock caused 
accumulation of phagocytes in the submucosa of the stomach and the small 
intestine. This was accompanied by multiple small hemorrhages and in animals 
which survived longer than the A-R period, occasionally by vascular changes 
“reminiscent of periarteritis nodosa’’.?° 


Nervous stimuli. — It is common knowledge that nervous and emotional 
stress can cause intense gastrointestinal disturbances such as nausea, vomiting 
or diarrhea, Furthermore, on empirical grounds, it has long been suspected 
that even chronic peptic ulcers tend to develop, especially among patients 
Continuously exposed to intense nervous stress.’ ov 


a Malamud et al. B18019/46. 
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ACID SECRETION COLOR OF MUCOSA 


A. Normal Mucosal Folds 


during circumstances of se- 
curity and contentment. 
(Approx. actual size) 
B. Same folds during hyperaemia 306 pom 
and engorgement of gastric mu- 
cosa associated with emotional 
conflict involving hostility and re- 
sentment. (Approx. actual size) 
ee! 


’ i ove TA AVERAGE BASAL VALUES DURING 2 WEEKS OF 
C. Small mucosal erosion covered by blood- GY rxex.s ANXIETY 


stained flake of opaque mucus occurring in en- 
gorged hyperactive stomach. (Approx. actual size) je ay Tera Bat ear ‘ 


Sustained acceleration of gastric function during chronic emotional conflict. 
(After Wolf and Wolff B46202/48.) 


Wa 80% 


6_ wo. ——— CC HCL SECRETION 


D. Small punched-out ulceration i - ; : § ttt a 
inadequatel pe Eee induced by the action of gastric juice on an are CONTROL CONVERSATION EVOKING FECUNGS OF HOSTIUTY 
adequately protected by mucus. (Approx. actual size) ANO RESENTMENT 


E. Drawing of ulcer (of D.) enlarged approximately 2/4 times. op 


—e B and § rout pathogenesis of gastric ulcer, made on a patient with a gastit 
stomach (here induced ott that intense, prolonged acceleration of acid secre f the 
mucou: bi ed by emotional conflict), results in hyperemia and engorgement ° 

S membrane resembling hypertrophic gastritis. In this state, the mucosa is io ns. 


susceptible to injury and even trifli 1. erosid 
However, ordinarily t rifling traumas result in hemorrhages and sma ing of 
ly the mucosa is protected from further injury by an effective cou ‘he 


mucus. —D. and E. Loss of this prot 
acid gastric juice and permits a min 


ection by removal of the mucus exposes the lining 


Or erosion to progress towards ulcer formation. 
(Wolf and Wolff p46202/48:) 
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BEFORE VAGOTOMY AFTER VAGOTOMYy 


COLOR 
OF 
MUCOSA 
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CONTROL RESENT- CONTROL RESENT- 
MENT MENT 


Eager in color of the gastric mucosa before and after vagotomy. Based on data obtained 
y direct observation of the gastric mucosa, through a cystoscope, in a patient in whom @ 
gastric fistula was made prior to surgical removal of a carcinoma of the esophagus, during 
ba it was necessary to section the vagus nerves. Note that, prior to vagotomy, resentment 
ie 7 pend by conversation about an irritating subject) induced marked hyperemia of the mucos 
e latter became so turgid that the minor traumas, incident to instrumentation with the 
cystoscope, caused bleeding. Simultaneously there was flushing of the face. Conversely, after 
vagotomy, the gastric changes no longer occurred, although flushing of the face was again 
elicited by the resentment. (After Wolf and Wolff p46431/48-) 


The so-called “air-raid ulcers”, which have so frequently been noted during 
the second World War among civilians in heavily bombed cities, are presumably 
also due to the A-R — in this case produced by the emotional excitemen 
incident to aerial attacks.3! 


In aneH whose gastric mucosa could be observed by direct inspection throug! 
a gastric fistula, two distinctly different patterns of response were observ’ 


81 Selye A56386/43. 
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fo occur under the influence of emotional irritation. The first type, gastric 
hy erfunction, is charactenas by hyperemia of the mucosa with the appear- 
ance of scattered bleeding-points and sometimes even erosions. At the same 
time the titratable ac idity of the gastric juice increased, there was heartburn 
and epigastric pain which could be relieved by milk or sodium bicarbonate 
This was called the aggressive pattern’. It was often accompanied by flushing 
of the skin and occurred when the patient was willing to fight his troubles 
Conversely, gastric hypofunction is characterized by pallor and flatness wi 
the mucosa, as well as a diminution of its acid-secretion and motility. This 
was found to be « sociated with “emotions such as fear and sadness in which 
there was a desire on the part of the subject to withdraw or reject a situation 
rather than to come to grips with it’’.%* This dual response reminds us of the 
counter-shock and shock phases of the A-R, representing passive damage and 
active defense respec tively. It remains to be seen whether these gastric changes 
correspond to those cutaneous vascular reactions which make some people pale, 


others flush with anger.°8 


In another subject, who also bore a gastric fistula, the mucosa of the stomach 
could be observed before and after vagotomy. Here it was found that emo- 
tional stimuli, which caused gastric hyperemia, engorgement and hypermotility 
before transection of the vagus, no longer produced such effects after the oper- 
ation, although the other manifestations of anger and resentment remained 
the same.*3* This admittedly does not prove that the gastric response to stress 
is solely mediated by the vagus, “the evidence is highly suggestive however, 
especially when considered in company with the clinical results of the treatment 
of peptic ulcer by vagotomy”.** It is also pertinent that both in cats ® and in 
dogs,** peptic ulcers can be produced by prolonged vagus stimulation. 

Various surgical lesions of the nervous system may lead to severe gastro- 
intestinal changes. Thus a perforated, acute peptic ulcer was noted in a 
patient after an operation for a cerebellar tumor.*" Electric stimulation of the 
hypothalamic region in animals was found to cause increased peristalsis of 
the stomach and patches of hyperemia, all of which could be prevented by 
previous vagotomy.*® Transection of the upper spinal cord in rats is routinely 
used to produce an A-R with acute gastric erosions, especially in fasting 
animals; this is usually conducive to massive hemorrhages into the stomach.*? 


Muscular work. — Excessive muscular exercise is one of the most commonly 
used alarming stimuli. In fasting animals it is known to produce gastric hyper- 
emia, hemorrhages and erosions with great rapidity; this is always accompanied 
by other manifestations of the A-R.*° 

In the fasting rat striking changes can be seen as soon as 30 minutes after 
initiation of heavy exercise. First there is dilatation and congestion of the 
capillary loops immediately beneath the surface lining, a decrease in the pep- 
sinogen granules of the chief cells and of the mucinogen granules in the mucous 
cells. The parietal cells remain singularly unaffected. Later the stroma becomes 
edematous and there is degeneration with sloughing of the surface epithelium 


*= Wolf B26123/48, 36 

jy Wolf and Wolf 'B26155/47. 

33 Card B37400/49. 
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and hemorrhage. Eventually deep erosions are formed in the gastri 
but curiously within 24 hours the repair of the surface damage As 
considerable due to intense mitotic proliferation of the epithelium, already 


changes are in no way specific to the agents used and it should bee These 
that non-specific damage must always be considered as the most likely nasized 
Primar 


cause of acute gastric ulcers induced by whatever experimental] intervent 
n 


The intestinal absorption of various toxic substances which are ton” 41 
not damaging when administered by mouth, has also been demorisn aa 
animals with gastric ulcers produced by excessive musculai exercige ial i e 

In the dog, muscular fatigue depresses the gastric secretion of HC] 


Cl, al 
even in this species it increases the tendency to form gastric or duodenal 
cers, 


It has been concluded therefore that fatigue exerts some effect upon the i 
; ; : Jastri 
mucosa (probably by changing its blood-supply), which venders it more : 
nerable to the digestive action of the acid-pepsin mixture he 
Other stressors. — The gastrointestinal changes which we have described 
as characteristic of the A-R, have also been noted to occur in animals and 
man under the influence of anoxia,‘4 various spontaneous diseases conducive 
to “medical shock” 4" and a variety of drugs which caused marked systemic 
damage such as colchicine," allyl-formiate," hypertonic NaCl solution,'* for- 
maldehyde,"® nitrogen and sulfur mustards,®° curare,™ various bacterial toxins,®? 
morphine, atropine, adrenaline, etc.°* The comparable actions of histamine 
and various hormones will be discussed below in the passage dealing with 
stimuli influencing the response of gastrointestinal tract during the G-A-S, 
The effect of the diet deserves special attention. We have repeatedly 
mentioned that fasting animals are exceedingly sensitive to the gastric ulcer- 
producing action of the A-R. 

As we shall see below certain food constituents (especially glucose or buffer 
substances which neutralize the gastric acid) are especially effective in prevent- 
ing the formation of gastrointestinal ulcers during the A-R. It is common 
clinical knowledge furthermore that the diet also exerts an important influence 
upon the course of peptic ulcers in man.** 

During and immediately following the second World War numerous inform- 
ative pertinent observations were made on concentration-camp inmates and 
among the civilian populations of impoverished occupied territories. Here, 
the incidence of various gastric dyspepsias and of gastric and duodenal ulcers 
was found to have risen considerably during the period of malnutrition. 
Chronic diarrhea, edema of the gastrointestinal tract (and perhaps also the 
disintegration of Peyer's patches) predisposes severely starved individuals to 
a variety of intestinal infections, such as dysentery, typhoid and paratyphoia, 
to which they easily fall prey.*® 


#1 Dalton A35629/41. Karnofsky et al. B37880/48. 
42 Selye A8052/38. 51 Cole et al. B38679/47. 

4° Lillehei and Wangensteen B18000/48. 52 Jona B41768/47, 42 
4* van Liere B26199/42. Penner and Bernheim B37656/42. 


van Liere et al. B26763/48, 55 Selye 36031/36, 36032/36. 
Reynolds and Phillips B4516/47. 54 Palmer 95299/46. 
* Meessen B23957 /47. °5 Brull B23116/47, 
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47 Eppinger B37085/49. 

** Davis A37428/41. 
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= Graef et al. B39006/48, 


B26140/45. 
/45, 


g 


<— STIMULI 697 


if experimental animals certain qualitatively inadequate diets proved to cause 
iaic and duodenal ulcers. Here again the non-specificity of the response is 
clearly indicated by the fact that deficiency in such varied food constituents as 
calcium, thiamine and pantothenic acid produced essentially similar lesions.” 


Stimuli Influencing the Response of the Gastrointestinal Tract 
During the G-A-S 


Hypophysis- — The hypophysis-adrenal discharge is not responsible for 
the production of gastrointestinal lesions during the G-A-S. Indeed, in hypo- 


h sectomized animals alarming stimuli produce gastric ulcers even more 
readily than in intact controls and treatment with crude anterior-pituitary 
extracts tends to restore the resistance of the gastrointestinal mucosa towards 
normal.®* 


Following administration of various anterior-pituitary extracts to intact 
animals, no characteristic changes are found in the gastrointestinal tract, at 
least none that coud be related to the G-A-S.* Nevertheless there is some 
evidence that ACTH exerts a specific effect upon the gastric mucosa in that 
treatment with this hormone causes a markedly increased urinary elimination 
of “uropepsin”’. This proteolytic enzyme is normally present in human urine and 
may be derived from the secretion of pepsinogen (by the peptic cells) directly 
into the blood-stream. Significantly, the effect of ACTH upon uropepsin 
excretion is absent in patients with pernicious anemia and after total gastrec- 
tomy. ACTH also increases pepsin secretion into the gastric juice; it appears 
to stimulate both the endocrine and the exocrine activity of the gastric mucosa."™* 

Conversely, vasopressor posterior-lobe extracts produce severe hemor- 
rhagic lesions in the acid-bearing area of the stomach. It has been claimed 
that even chronic ulcers may be produced in this manner. The causative prin- 
ciple has been suspected to be a true “gastrotoxic hormone” of the posterior- 
lobe, which allegedly also participates in the regulation of hemopoiesis."° 

The above changes are accompanied by the usual adreno-cortical stimula- 
tion, thymico-lymphatic atrophy and other manifestations of the A-R, hence 
they may not be related to any specific principle but rather to the systemic 
stress effect of these highly toxic preparations. In any case it is unnecessary 
to invoke a hypothetical new hormone, since similar gastric lesions are pro- 
duced by purified vasopressin.*' Yet vasoconstriction is known to sensitize 
the gastric mucosa to ulcer-formation during the A-R, hence the specific vaso- 
pressor action of this posterior-lobe hormone may act as a conditioning a 
This would explain the unusual intensity of the gastric manifestations which it 
Produces. 


b Vasopressin is also useful in combatin 
ileus, but there is no proof that 
during the G-A-S are d 

Adrenals. — Adi 


ulcer formation in 
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of the suprarenals, when ulcers have not yet formed, expo 
: : posur 
stress produces them with particular ease. a Systemic 


In experiments with vesicants (which are rapidly deto, 


: : : xified j 

it was shown that if the circulation to portions of the intestinal body) 
during and a few minutes after intravenous administration of a 'S occluded 
clamped segment is protected from ulceration. Adren: © drug, the 


; ile tom 
protection. Hence here we must regard the lesions as due to a dia affords No 
action of these toxic substances.” “FECE peripheral 


Thus the presence of the adrenals is certainly not nec 


. . . . . ssary 

duction of this particular manifestation of the A-R: indeed the a er 

ity of an adrenalectomized animal predisposes it to the formation pre. Vital- 
kc gastro- 


intestinal ulcers during stress. This effect of hypocorticoidism u 

intestinal ulcer formation during the A-R is similar to that exert eh 
of cortical hormones upon the development of most other signg of be lack 
damage (e.g., hypoglycemia, hyperkalemia, hypothermia, hemocaia - Ka 
In the absence of a defensive corticoid production these manifestateaaim 
“relative hypocorticoidism' are greatly accentuated. In agreement wine ct 
interpretation, suitable substitution therapy with corticoids diminishe re 
tendency of the adrenalectomized rat to develop gastrointestinal ulcers ‘ Fis 
the influence of such alarming stimuli as cold, muscular exercise or RR 


It has been claimed that adrenalectomy causes a pronounced depletion of 
the blood vitamin-K content in dogs and that the resulting hemorrhagic tendency 
is responsible for the formation of bleeding gastrointestinal ulcers,” but this 
interpretation requires further confirmation. 


Overdosage with adrenaline also tends to cause gastrointestinal lesions 
similar to those described as characteristic of the A-R. Perhaps these are 
somewhat more intense than could be expected merely on the basis of the 
resulting systemic stress, but here — as in the case of vasopressin — the specific 
vasoconstrictor effects of the hormone may be superimposed upon the AR 
and thus accentuate this particular manifestation of it. Vascular disturbances 
in the gastrointestinal mucosa notoriously sensitize it to exulceration.®* It has 
also been noted that although upon adrenaline injection intestinal motility is 
initially depressed, this is soon followed by a period of increased motility, both 
in experimental animals and in man.*** Hence, perhaps the adrenergic discharge 
also participates in the alterations of gastrointestinal motility during the G-A-. 

Overdosage with corticoids induces no very characteristic changes in the 
gastrointestinal tract. Yet, in the rat after severe DCA intoxication, there is 
a remarkable tendency for the formation of gastric edema. This may be related 
to the NaCl-regulating action of this mineralo-corticoid, since the gastric 
mucosa is an important portal for Cl-elimination. Upon chronic treatment 
with DCA or desoxocortisone, periarteritis nodosa of the gastric vessels may 
lead to local circulatory disturbances; these however, are merely one mae 
festation of the generalized vascular hyalinosis syndrome." 

RPS may also affect the intestinal tract. Following partial constrict 
renal artery young dogs frequently develop intussusception.“™* 


ion of 4 


— 
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Production of intestinal hyalinosis with 
mineralo-corticoids. — A. Periarteritis 
nodosa and granulomatous proliferation 
of connective tissue in the gastric sub- 
mucosa of a desoxocortisone treated rat. 
Note inflammatory infiltration in and 
around the small artery. — B. Essentially 
similar changes in the duodenal sub- 
mucosa of a desoxocortisone treated rat. 
Note particularly great dilatation of 
lymph vessels in upper left corner underneath the muscularis mucosae and thick hyalin deposit 
underneath the intima of the large artery near lower edge of the field. — C, Intense hyaliniza- 
tion of the blood-vessels and the surrounding mucosal collagen in the jejunum of a 
treated rat. After Selye B43385/50 and35935/ND.) 


Intussusception following constricting ligature oe 
he ich the left renal artery was cons! 
payee Note two intussusceptions in t 
‘on in very young dogs following th 
iS not yet known. ‘ 
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Other hormones and hormone-like substances. — Several] clinici 
claimed that folliculoids may have a beneficial effect in the thers stans h 
ulcer, but in animals, overdosage with estrone ™ or stilbestro] 71 Py of Peptic 
duces gastric erosions, conjointly with other manifestation 
again, as with most alarming stimuli, the ulcers were more readi] sb Here 
in hypophysectomized or adrenalectomized than in intac nine OPtainable 

Insulin-overdosage (as so many procedures which case a 

‘ 5 ; S€évere h 
glycemia, e.g., adrenalectomy, fasting, partial hepatectomy) js parti YPo- 
prone to cause severe gastric erosions in the rat." Since glucose adn 
tion selectively counteracts ulcer-production during the A-R (see belotsinen 
possible that here the hypoglycemia acted as a “conditioning factor” s ) It is 
ally sensitizing the gastric mucosa to this manifestation of the A-R eS 

Histamine strongly stimulates the secretion of HCl by the stomaan 
continuous excessive secretion of a highly acid gastric juice is an impo 
factor in the pathogenesis of peptic ulcers. Hence it appeared logteaie 
suspect that the endogenous production of histamine (or some similar rete 
bolite) may be involved in the production of gastrointestinal ulcers during 
the A-R. Experimental gastric or duodenal ulcers can be readily produced i" 
histamine administration in various currently used animal species, particwlatit 
if the compound is administered so as to act continuously for a long time 
(e.g., continuous intravenous infusions, histamine mixed with beeswax). If 
in such experiments the rate of continuous histamine administration is raised 
above the level which produces maximal gastric secretion, the severity and 
rapidity of ulcer formation is further augmented. This was taken to show that 
histamine “exerts some additional action to decrease the resistance of the 
intestinal mucosa to the destructive effect of the gastric juice’. 

It is probable that histamine is produced endogenously in the stomach during 
the normal secretory process ‘‘and is, so to speak, a part of the normal secretory 
mechanism”. This agrees with the view that histamine-liberation could rep- 
resent the common pathway in the production of gastric ulcers by various 
agents."* Histamine also causes a prolonged stasis in the gastric mucosa and 
this probably contributes to its ulcer-producing effect, since the tissue thus 
devitalized readily undergoes self-digestion by the gastric juice. We already 
have had occasion to mention that transection of the vagi tends to prevent 
the formation of gastric ulcers and to expedite their healing in man, while 
vagal stimulation can produce gastrointestinal erosions in animals. It has been 
suggested that histamine is liberated in the gastric mucosa by acetylcholine 
and hence the question was asked “would not acetylcholine, if produced es 
unusually large amounts by the action of the vagus nerves, mobilize in its 
turn an excess of histamine which might disturb the blood circulation in certain 
regions of the gastric mucosa?" This interpretation, if proven cone 
would help to clarify the interrelations between vagus stimulation and histamn 
liberation in the pathogenesis of peptic ulcers. di- 

It has already been mentioned that in the rat an acute phlegmonous pe a; hi 
citis (or more precisely an inflammation of that region in the cecum : a 
corresponds to the human appendix) can be produced by intravenous 4) a 
istration of histamine. This lesion is similar to that occasionally observ 


70 Selye et al. 3815/36, a 1. B36389/48. 
11 Selye A18206/39, “4 Bablein B123/44. 
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jing an A-R elicited by other very acutely damaging stressors.”* In the rat, 
olonged treatment with large doses of histamine can even produce inflam- 
ratory lesions throughout the gastrointestinal tract with severe diarrhea.7” 


[fan excessive amount of histamine is really produced during the G-A-S, it may 
therefore payee tOle even ae the pathogenesis of gastrointestinal lesions other 
han peptic ulcers and appendicitis. 

E When an animal is protected against the acute lethal effects of histamine, 
by simultaneous tre: tren with anti-histaminics the production of peptic ulcers 
is greatly facilitated. ‘I’his is due to the fact that the action of histamine upon 
the gastric mucosa ot significantly influenced by such compounds, while 
most of its other toxic effects are abolished. In this manner very large doses 
of histamine can be given without endangering life and thus the ulcer-producing 
action is brought out selectively.” In this manner it was possible to improve 
greatly the technique of experimental ulcer production by histamine. Recent 


observations show however, that at least certain anti-histaminics (e.g., taga- 
then) inhibit even the ulcer-producing action of histamine if they are given 
in large quantities. This may have practical applications in the therapy of 
peptic ulcers.“ ; arg 

Dogs can be locally sensitized by the topical injection of antigens into the 
stomach or duodenum, so that a subsequent systemic administration of the same 
antigen causes a marked local reaction with edema at the site of pretreatment. 
Such a gastrointestinal edema acts as a conditioning factor favoring the pro- 
duction of ulcers by histamine.*° é ? 

Several alarming stimuli such as muscular exercise,** hemorrhages ee and 
burns 8° have been shown to increase the ulcer-producing effect of histamine 
administration. Nitroglycerine ** and slowly absorbable preparations of adren- 
aline or vasopressin in beeswax exert a similar effect,s* perhaps due to their 
direct action upon the gastrointestinal blood-supply. 7 

From our point of view the great interest of all these observations lies in ae 
fact that they clearly illustrate the possibility of sensitizing the organism speci ie 
ally to certain manifestations of the A-R. This ‘selective agiesens Co) 
certain targets helps us to understand why systemic stress can produce some 
“diseases of adaptation” without necessarily producing them all. 

Certain so-called gastrointestinal hormones (e.g., Bateson gue 
gastrone and anthelone) inhibit gastric secretion and tend to Serpe ‘ : aa 
ation of peptic ulcers after various interventions. The posse rela es ip 
between these substances and the hormones produced by endocrine J ands 
has been reviewed elsewhere.** Hypophysectomy allegedly eyes the ra 
gastrone content of the urine." If confirmed, this would suggest t a gas ie 
intestinal hormones also participate in the pathogenesis of ulcers during the 


Nervous stimuli. — We have already mentioned Se ete. 
believe that nervous stimuli play an importan Eps 
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intestinal ulcers during exposure to systemic stress (see above) 

stimuli can not only elicit gastric ulcers but may also Participate - erVous 
duction by other alarming stimuli. Thus, the particularly sever their ¥ 


normally produced in the rabbit by the combined action of histz 
glycerine, are at least partially inhibited by subdiaphragmatic 
tomy.*8 On the other hand post-ganglionic sympathectomy 


intestinal tract potentiates the susceptibility to histami: vndeced Sesto 
dogs.*® The production of acute hemorrhage or ulceration in the 3 he cers in 
duodenum by burns to the hind-legs was not noticeabl, nfluepaeaaaed and 
spinal-cord transection in cats, although in the same animals such eli ae low 
of the nervous factor decreased the resulting hemoconcentration.9 munpilog 


Diet and drugs. — Dietary factors and drugs likewise 
intestinal response during the G-A-S. ‘Experiments on albino rats indic 
that the gastric ulcers which appear in the course of a severe alarmsgeqe 
(produced by high spinal-cord transection) may be prevented by the ise 
phylactic administration of various food substances, aluminium-hydroxide 
gel and especially by comparatively small doses of dextrose. Dextrose is 
effective when given either per os or intravenously. It prevents gastric ulcer 
formation even in doses insufficient to raise the glucose content of blood above 
the normal level for the duration of the experiment. The prophylactic effect of 
dextrose is non-specific in the sense that the compound prevents the formation 
of gastric ulcers by a variety of widely different damaging agents such as 
formaldehyde injections, exposure to cold or spinal-cord transection”.®! 


The acute gastric erosions, noted in rats following ligature of the pylorus 
are likewise aggravated by quantitatively insufficient diets. They are par- 
ticularly pronounced in rats which had previously been rendered thiamine- 
deficient,” but are inhibited by salicylates ** and T.E.A. 4 


In the dog, atropine completely suppresses the hypermotility of the stomach, 
but does not affect the increase in its secretion normally induced by burns. It 
was concluded that the “gastric motility of burns may be due to a cholinergic 
mechanism, and gastric secretion of burns may be due to a histaminic mechan- 
ism”... “If these findings can be applied to the human being, atropine and an 
antacid are recommended in cases of burns in order to prevent vomiting, gastto- 
intestinal hemorrhages and the formation of ulcers.** 


modify the gastro- 


Penicillin diminishes, or even prevents the formation of gastric and duo- 
denal ulcers in the burned dog.** Hence it was concluded that “since penicillin- 
treated animals did not develop ulceration in spite of elevated blood -histhn 
values, there is further indication that blood-histamine does not enter ie 4 
pathogenesis of Curling’s ulcer.*7 We do not feel that this deduction 1s an 
justified. There is ample evidence (see above) that during the A-R, one 
directly damaging the gastrointestinal tract (e.g., x-irradiation, high er 
vascular disturbances) may greatly increase susceptibility to ulcer fore ce 
It is possible that penicillin exerted its beneficial effect in burns only bec An 
it interfered with the destruction of the mucosa due to its antihistaminic 


88 McCorriston et al. B34774/49. 93 Pauls et al. B38086/48. 
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tibacterial actions. The above observation thus seems to prove merely that 
at the particular circumstances of this experimental arrangement, a moder- 
ey high blood-histamine-level did not in itself suffice to produce erosions. 
a 


Gastrointestinal Diseases of Adaptation 


) Gastrointestinal ulcers. ~ The importance of the stress factor in the patho- 
enesis of gastroduod -nal ulcers has been emphasized by most reviewers of 
ie subject ** and it is rather significant that peptic ulcer has variously been 
| ‘esignated as a ‘stress disease’’,®® or even an “endocrine disease”! A relation- 
ship to stress is fairly well established for the chronic types of gastric and 
duodenal ulcers, but it is even more obvious in the acute gastrointestinal 
erosions such as “Curling’s ulcer” or the “air-raid ulcers’ (cf. above). Extensive 


systematic studies were undertaken to elucidate the rdle of the G-A-S in the 
production of gastrointestinal ulcers }°' and it has been concluded concerning 
the acute type that ‘such ulcerations can complicate very diverse pathologic 
; states in patients, especially: sub-acute or chronic infections, burns, surgical 
interventions, more or less sudden endocranial processes, intense emotional 
shock, anaphylactic shock, etc., all conditions which are particularly effective 
in eliciting an alarm-reaction’’.1° 
Undoubtedly in man emotional tension is the most common stressor agent 
involved in the pathogenesis of both the acute gastrointestinal erosions of the 
A-R and the chronic peptic ulcer. Statistical studies have shown that certain 
occupations which involve a great deal of mental stress and tension, peminest 
to the development of peptic ulcers and “there is much to suggest that t 4 
increase in duodenal ulcers may be due to the increase in the stresses an 
i ern life’’.19° ud 
Be tccettnvfonit™ factors are largely responsible for the equanimity 
| or excitement with which we respond to a potential stressor. Certain ‘person- 
ality traits are easily noted and are stressed by most a pore 
. unusual and perhaps ineffectual drive, continuous nervous ev = oe 
; tendency to non-completion of any task, an unrealizable bie oe SH Na aR 
; to be self-sufficient, independent, distant and, perhaps, bes and on 
individualism, tendency to be overly conscientious and Saeed ml aoe 
ing ordinary duties but not consistently profound, mere to i es sharers 
ly but to repress outward signs of emotion, hypersensitivi ‘ ean oe aaga 
instability withal’.!°* The personality features and aa  euabaiin saaiihaesd 
Patients with peptic ulcer, gastritis and duodenitis have ee = hee ela 
from the psychiatric point of view and there remsiag eee Sosa 
majority of the cases these can be regarded as psy¢ me Seri ain kane 
Statistical studies have shown, furthermore, oe as Be Beea as 
Presumably as a result of psychic strain — the inci ae i. ae | antiins 
in various countries.1°% Of course the pena ‘or the 
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exposed to particularly severe nervous stress, is even more ¢ bj 
ulcer in war time.'°’ Hunger further augments this tendency inal Ke Peptic 
as it does in animal experiments concerning the G-A-S (cf abe im man just 

Perhaps the most convincing observations showing th: ape 
tional factors in the genesis of acute gastric ulcers wer deripals cu of emo. 
with a gastric fistula. Here it was possible to follow the actual ae Patient, 
of morphologic changes in the gastric mucosa under the influe ‘velopment 
emotional stress. From such studies “it appears likely, that the cal of Sudden 
which begins with anxiety and conflict and their associated oven ef Events 
stomach, and ends with hemorrhage or perforation, is that which we, OF the 
in the natural history of peptic ulcer in human beings”’.1”" 8 involved 

The relationship between peptic ulcer and other diseases of ad : 
further emphasized by the fact that local vascular changes netbeans 

He 5 ‘ ae f anges (hyalinizat; 
endarteritis obliterans and periarteritic lesions) are frequently seen ; aon 
gastric and duodenal mucosa of patients with gastroduodenal deem vr the 
lesions resemble those artificially produced by mineralo-corticoids;! the ee 
to be accompanied by hypertension and by hyalinization of vessels ae ee 
side the gastrointestinal tract. It is probable that nutritional dtu oe 
resulting from partial vascular occlusions predispose the mucosa of the di fr 
tract to ulceration, and inhibit the healing of an already formed erosion. — 

Acute erosions of the gastric mucosa are particularly common among patients 
with organic brain disease, especially liquefaction necrosis or hemorrhages 
This is reminiscent of the fulminating hemorrhagic gastric erosions produced by 
experimental interventions on the central nervous system (especially the hypo- 
thalamus) of animals. In all these instances the basic mechanism was assumed 
to be a derailment of the G-A-S.1!” 

The glucose tolerance curve is frequently abnormal in patients suffering 
from gastric ulcer, but there is some disagreement concerning the type of 
anomaly characteristic of this disease and its possible pathogenic significance." 

The gluco-corticoid excretion is often subnormal in ulcer patients.'!”” 

The therapeutic value of vagotomy in the treatment of peptic ulcers * fur- 
nishes further proof of the important part player by nervous factors in the 
pathogenesis of this disease. 

Because of the prominent réle of hypophyseal and steroid hormones in 
defense against stress, attempts have been made to use corticoids,'™* follicul- 
oids,'" testoids ‘° and even posterior-pituitary preparations ''’ for the therapy 
of peptic ulcer. Up to now the results have been variable but large doses of 
the highly active ACTH and gluco-corticoid preparations have not yet been 
used. In dogs ACTH appears to inhibit the development of the “Mann- 
Williamson type” of experimental ulcer.!!7* 
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era 

ved in connection with the development of peptic ulcer, undoubtedly 
me a role in the pathogenesis of mucous and ulcerative colitis and frequently 
fis disease iS amenable to psychotherapy." In many instances ulcerative 
rtitis js accompanied by a polyarthritis and sometimes it responds well to non- 
¢ ecific vaccine therapy. 19 All these facts suggest some relationship to the 
wiseaseS of adaptation. In this connection it is particularly noteworthy that 
ae limited number of cases ACTH proved to cause marked remissions in 
slcerative colitis.'*" During pregnancy, ulcerative colitis likewise often im- 
Bayes? but it remains to be seen whether this is the result of increased 
glucocorticoid production. 


The lysozyme of the stools is usually greatly augmented in patients with 
chronic ulcerative colitis and in dogs similar intestinal lesions may be produced 
by the administration of this enzyme.'** Presumably it acts by removing the 
protective mucous from the surface of the intestinal lining and thus renders it 
more susceptible to proteolytic digestion by the bacterial flora of the colon. 
Preliminary observations suggest that ACTH diminishes the lysozyme content 
of the stools. (Cf. p. 247.) 

Celiac disease. — For the discussion of this condition the reader is referred 
to pages 127 and 189. 

Gastrointestinal allergy. — Derailments of the G-A-S probably participate 
in the pathogenesis of various so-called gastrointestinal allergies. These are 
generally characterized by inflammatory lesions in the gastrointestinal mucous 
membrane, with edema and hyper- or hypo-motility of the muscular coat. 
They often respond very favorably to adrenaline.!?° 


Necrotizing enteritis. — This allegedly new disease has frequently been 
reported during the last few years, especially in the undernourished population 
of occupied Germany. The clinical picture is characterized by sudden onset of 
colicky abdominal pain and bloody diarrhea. Morphologic examination reveals 
hemorrhagic necrosis of the intestinal villi, severe hemorrhagic edema of the 
submucosa, hyalin degeneration of the arteriolar walls and an inflammatory 
infiltration with numerous eosinophils. As the nutritional changes in the gut 
progress, eventually large portions of the intestine may become necrotic. Some 
infectious etiology has been suspected, but could never be proven and most 
students of this disease assign a considerable réle in its pathogenesis to starva- 
tion, anxiety and allergic reactions.'*! 

Appendicitis. — It has already been mentioned that appendicitis-like 
changes can be produced in animals by exposure to various acute ae 
stimuli“? The appendix contains a great deal of lymphatic ee ; an me 
have repeatedly stated, the lymphatic organs are particularly res oe . Ge 
Specific damage, because the gluco-corticoids liberated during the G-A-9 cat 
I isi i i haps create a ‘locus minoris resist- 

ymphocyte disintegration. This may perhaps Cie © ae 
entiae” in the appendix and explain the CG pen 
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‘ i i lsedaee.128 
suffering from a variety of contagious diseases. In this sense certain +rointestinal diseases of adaptation, we listed acute gastro- 


a : ae ong the ga ; oT tees ‘A thai 
of appendicitis have also been miso BF disease of adaptation 124 "ypes Peal erosions (Curling’s ulcers, air-raid ulcers”, the gastrointestinal 
so-called “allergic appendicitis probably likewise belongs to thig grou ihe fe ns of acute infections, intoxications, etc.) and the chronic peptic ulcer. 

tees ‘itis F gions ; re ; 
Tonsillitis, — The acute tonsillitis often noted afte: Desde ero mucous or ulcerative colitis tend to occur in high-strung 


Like peptic ulce: 


rnin. 


expos 
following burns, radiation damage and other types of non recite in cold, individuals and can frequently be related to stress. In the latter condi- 
also find its explanation in a derailment of the G-A-S. A tha cng ma nero CTH appears to have a beneficial effect. 
dicitis, it 4s probable that the gluco-corticoids, produced during sttesgae ied tory changes in the lymphoid organs attached to the gastrointestinal 
diminish local resistance to microbial development in the ton ‘ils ag ate Te Inflammete ty nO itis and appendicidia cay, pariaes See dendious We 
lymphocyte disintegration.!2° While this may apply to most kinds of oe of tract, deat adaptati vn elicited by exposure to a variety of non-specific stressors. 
tonsillitis, particularly extensive investigations concerning ihe so-called alle fe the ccute disintegration of lymphatic structures apparently diminishes 
e 


tonsillitis, especially that accompanying erythema nodosum, led to the me therwise non-pathogenic micro-organisms. 


4 Kea sistance to © 
clusion that this is also a disease of adaptation.’*° Jocal rest 


Theories and Summary of Observations Concerning 
the Participation of the Gastrointestinal Tract in G-A-S 


During the G-A-S, particularly in the A-R period, the gastrointestinal tract 
exhibits certain rather characteristic reactions. Among these are hyperemia 
with the formation of bleeding erosions in the stomach and the upper intestinal 
mucosa. Presumably these ulcers are largely due to the intense autonomic 
discharge which occurs in the splanchnic area during exposure to stress and 
elicits marked peristaltic, vasomotor and secretory reactions in the gastro- ae 
intestinal tract. Almost simultaneously there is lympholysis in Peyer's plaques 
and the appendix. Often this syndrome is accompanied by diarrhea or constip- 
ation, nausea and vomiting. — All these changes tend to disappear during the 
resistant phase but may reappear in the stage of exhaustion. 
Special emphasis has been laid upon the fact that unlike the lympholysis in 
the Peyer's plaques and appendix (which are presumably mediated by gluco- 
corticoids) the other gastrointestinal changes, especially the erosions, are 
not the result of ACTH and corticoid discharge and indeed are aggravated 
by hypophysectomy or adrenalectomy. 
Vasopressin and histamine have a certain tendency to cause gastric ulcers 
in experimental animals; hence endogenous production of such hormones may 
play a réle in the pathogenesis of the ulcers occasioned by stress itself. Tne 
particular ulcer-producing potency of these compounds is ascribed to pli 
specific conditioning factors, namely, the vasoconstrictor action of the posterior 
lobe hormone and the gastric secretion-stimulating effect of histamine, 
tively. i: 
The vagus undoubtedly also plays an important role in the pathogen’ 
of gastrointestinal ulcers since vagotomy tends to prevent their develop 
in animals during the A-R and often exerts a curative effect in the peptic we 
of man. Conversely, prolonged vagus stimulation can in itself cause 97° 
ulcers in animals. It remains to be shown whether this is due to “histaminers 
stimulation. 
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LIVER 


The liver plays a very important réle in most of the sysix 
in which the whole organism is involved. Whenever sy 
endangered, the prodigious adaptive powers of the hepati: 
By regulating intermediate metabolism the liver can perform m ; 
chemical reactions through its specific enzyme systems. |i Is i 

f F i a'so acts as on 
the major stores of proteins and carbohydrates. Furthermore, it js ae 
through the liver that depot-fat is made available for utilization by oth eet 
After being discharged from the adipose tissue during the catabolic he ae 
the A-R, fat is temporarily deposited in the hepatic cells, v hence it i pig 
for combustion as needed. a 

The liver also stimulates erythrocyte formation through the production of a 
hemopoietic substance and through the destruction of damaged erythrocyt 
by its abundantly developed, reticulo-endothelial Kupffer cells. The thee 
produces several of the components of the blood-clotting system as well as the 
proteins (e.g., y-globulins) from which serologic antibodies are formed. Its 
spacious venous sinuses can store a large amount of blood and make it available 
when emergency necessitates it. By the production of hypertensinogen the 
liver participates in the regulation of blood-pressure. It raises resistance to 
chemical poisons by destroying them, or by reducing their toxicity (e.g., through 
conjugation). Through the bile it helps to eliminate numerous, undesirable 
degradation products, at the same time facilitating the absorption of food from 
the intestine. These manifold activities of hepatic tissue have long been recog- 
nized as playing a prominent part in the maintenance of the normal body temp- 
erature, the chemical and cellular composition of the blood, the blood-volume, 
etc. 

In view of these facts it is surprising at first sight, that so little is known 
about hepatic changes characteristic of the G-A-S. However, our ignorance 
concerning this point probably finds its explanation in that almost all the 
hepatic changes which ensue upon exposure to non-specific systemic stress, 
are largely dependent upon specific conditioning factors such as age. heredity, 
diet and previous exposure to stress. It is for this reason that the hepatic lesions, 
produced by diverse alarming stimuli, lack that uniformity which is so charact- 
eristic of the response of many other organs, for instance the thymus OF the 
adrenals. 

In pharmacology and especially in endocrinology we have learned to disting- 
uish between “overt” and “masked” actions; the former are evident under a 
ordinary conditions of observation, while the latter are readily inhibited of 
modified by conditioning circumstances. The atrophy of the thymus following 
treatment with folliculoids or the enlargement of the seminal vesicles after 
testoid administration are examples of overt or manifest actions; the productio® 
of coma with insulin (which depends on the availability of sugat) < aa 
induction of vaginal cornification with folliculoids (which is inhibited_ PY 
progesterone), are examples of conditional or inhibitible hormone effects Z 
distinction must be clearly kept in mind in our consideration of 
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changes characteristic of the G-A-S. The liver, as the ‘‘central chemical labor- 


atory and depot” o! the organism, is extremely versatile in its capacity of 
maintaining the homeostasis of the body as a whole, but it is even more efficient 
4 maintaining its own structural integrity. This is clearly shown after surgical 
ablation of large portions of the hepatic parenchyme and manifests itself by an 
extremely rapid morphologic and functional repair. Such unusual regenerative 
owers could not fail to efface many of the hepatic changes caused by the 
aN unless we teke special precautions to unmask them. 

Clarification of thi ym plex subject would be well worth while. Even a fully 
compensated (and hence masked") change presumably has its functional 
implications since compensation is usually accomplished at a cost. Furthermore, 
a clear understanding of the hepatic response to systemic stress and of the 
factors which modify their development, would probably teach us a great deal 


about the pathogenesis of certain “idiopathic liver diseases (cf. Hepatic 
Diseases of Adaptation). 


Systemic Stress 


Characteristic response. — In animals, the following hepatic changes appear 
to be most characteristic of the A-R, inasmuch as they are most constant irres- 
pective of the kind of alarming stimulus used: cloudy swelling, pyknoses, 
distension of Disse’s spaces with edema of the stroma (especially around the 
gallbladder) and a decrease in the size of the liver. The latter may partly be 
accounted for by the diminished blood-content of the hepatic veins.' Sometimes 
the liver undergoes fatty infiltration, severe atrophy, focal necrosis and leuco- 
cytic infiltration.” In the course of the stage of resistance intense mitotic pro- 
liferation may compensate for the initial loss of hepatic tissue and the liver 
resumes its normal size. During the stage of exhaustion the involution of the 
liver becomes particularly severe again and there may be some cirrhosis. Cel- 
lular pyknosis or even extensive necrosis are even more common than during 
the A-R.® 

In men who died from diverse types of shock-producing lesions (trauma. 
hemorrhage, infections, anesthesia, burns, intoxications, etc.) and who showed 
various other manifestations of the A-R, “hepatic degeneration and necrosis 
were regular features, but their degree and distribution were inconstant. 
Degeneration tended to be diffuse and the degree varied from granular cyto- 
plasm and vesicular nuclei to necrosis. Absence of nuclei, pyknosis, and 
disintergrating cells were the criteria for necrosis. Frequently this involved 
only scattered group of cells; when the groups were large focal necrosis was 
seen. Occasionally, as after burns, heatstroke, or death from low atmos- 
pheric pressure, extensive necrosis involved the centers of the lobules and 
resembled that produced by poisons’. Usually these changes are initiated by 


a transudation into the capillary s nd s of “serous 
inflammation’.® It has been ¢ 
Spaces between the hepatic 
occurs only as an agonal or 


a aD TO 


The liver during the A-R in the rat. — A. Control for B, C and D, in which an A-R was 
produced by exposure during 48 hours to the stressor effect of: — B. spinal cord transection 
at the height of the 7th cervical vertebra, — C. exposure to cold (42°C), =D: repeated 
forced muscular exercise while food was withdrawn. Note great decrease in the size of the 
(After Selye 35935/ND.) 


liver with varying degrees of fatty infiltration. 
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n does not exist" In view of the extensive literature to the contrary, this 


io 
in requires confirmation. 
; The functional dera :gements of the liver during shock, and the part played 


the production of the shock-syndrome have been exten- 
-re.6 Hence we need not discuss them in detail, especially 
oe in this book they ave also been mentioned in the corresponding chapters 
arth section on ™ ibolism (e.g., in connection with carbohydrate, lipid and 
Z : in metabolism VDM, fibrinogen, etc.). Suffice it to add here that func- 
See hepatic damage has been regarded as the principle factor in the patho- 
ae sis of the so-called “exaggeration phenomena” (the sudden exaggeration 
Pi aos pre-existing symptoms by an alarming stimulus) .” 


the hepatic tissue i 
Baas reviewed elsew 


Trauma. — Traumatic injuries in dogs were found to cause congestion of 
the hepatic sinusoids, with degenerative changes in the parenchymal ie 
especially around the central vein.® In man the hepatic changes caused by 
severe trauma are essentially similar.° Liver function-tests performed on men 
immediately after surgical operations, revealed a considerable hepatic impair- 
ment, which slowly returns to normal after about five days. These changes 
were especially severe in patients who developed complications with infections 
of the wound or of the respiratory tract. A high-caloric diet, especially one 
containing much protein, and moderate muscular exercise after the operation. 
were found to exert a beneficial effect upon liver-function. 


Hemorrhage. — In dogs, hemorrhagic shock produces hepatic eral 
similar to those caused by traumatic injuries. Although this was not spect cal 
ly mentioned in the description of the pertinent experiments, the manent 
show that Disse’s spaces, around the hepatic sinusoids, were greatly distended 
with fluid. This is very characteristic of the so-called “serous inflammation 
of the liver. nen 

The importance of the hepatic changes in the pathogenesis ° ‘ e : - 
hemorrhagic shock syndrome has been demonstrated with particu ae ee 
in dogs. The blood-supply of the liver was maintained at _ e hase 
normal level by cross-circulation with a healthy donor dog, while t mee : 
of the organism was subjected to the consequences of a severt os vali 
Here, selective maintainance of the blood-flow through the liver e a ze y 
combatted the development of ‘“rreversibility - Significantly in cou poe 
(which received the same amount of donor-blood as the expences ac a 
but through the jugular instead of the splenic vein) a Lecpeah oe er 
effective protection against the development of irreversible hemorrhag 


ical inflammation” 
Burns. — Extensive skin burns in man cause typical ‘serous infla 


of the liver. There is degeneration and pyknosis of hepatic cells, disintegration 


Lana ted during 
Liver phosphatase during A-R, in the rat. — A. Liver che poral (incubated una 
12 hours with glycerophosphate) . The enzyme 1s eae P ite 

of the vessels and the bile canaliculi. Some reaction he 
in the nucleoli of the hepatic cells. No reaction is © 

during A-R produced with formalin. The incr! n 
and the cytoplasm of the hepatic cells. 
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of the lobular pattern especially around the central v« 
of Disse’s spaces and the lymphatic vessels by albun 
frequently mentioned edema of the gall-bladder wall 
connective tissue, is probably a consequence of incr 
there are close relations between the hepatic lymph-v« 
tissue surrounding the gall-bladder.’* In very sever 
“serous inflammation” of the liver is accompanied by extens 
marked swelling of the Kupffer cells and sometimes by 
of the “crush syndrome’”.'* Judged by liver-function t 
tissue appears to be most seriously afflicted at about the t! 
the burn.’* 

A careful survey of the experimental and clinical literature on burns reveals 
that, under certain conditions, eosinophilic infiltration (reminiscent of an ana- 
phylactic reaction) and fatty degeneration of the hepatic cells may become 
prominent.'® The intensity of the hepatic changes is aggravated by secondary 
infections, or after intoxications. This has been shown particularly for tannic 
acid which is often used in the local treatment of the injured areas.“ Yet, all 
the above-mentioned characteristic lesions can develop in the liver without 
such complicating factors; hence it is justified to regard them as caused by 
the burn itself.!8 In the light of the G-A-S concept it is to be expected that 
the additional stress of an infection or intoxication would be superimposed upon 
any non-specific effect of the burn and may thus aggravate its effects. 

Temperature. — Exposure to heat (diatherm or radiotherm) causes con- 
gestion, parenchymatous and fatty degeneration and often scattered areas 
of patchy focal necrosis in the rabbit. The necrotic areas are usually located 
around the central veins of the lobules and consist of acidophilic, hyalinized 
cellular debris, invaded by leucocytes and macrophages.!” In men who die 

from heat-stroke, the liver is usually also congested although occasionally it 
may be ischemic. Frequently there is parenchymatous degeneration or centro- 
lobular necrosis,2° sometimes jaundice and “‘lower-nephron nephrosis’” accont- 
pany the hepatic changes.*' It has been emphasized that in man, as in animals, 
the effects of excessive heat upon the liver resemble those caused by other 
alarming stimuli and are accompanied by extra-hepatic manifestations of the 
A-R.” 

Observations on mice, exposed to extremes of temperature. lead to the an 
clusion that in this species heat does not alter the fat-content of the ei 
although cold causes marked fatty infiltration of the hepatic parenchya® 
The fat-deposition produced by cold was ascribed to stress and thought _ 3 
mediated by the pituitary-adrenal system. The simultaneous enlargeme> this 
the liver was of such magnitude that it could not be due exclusively Ya 
accumulation of fat.2* Perhaps it was caused by plasma-imbibition in the e 

of a “serous inflammation”. As we have said in the introductory para 
of this chapter, during the A-R, fat-deposition occurs in the liver only 


well as distengj 
S plasma-fluid, The 
of the surroundin, 

lymph-flow Sing 
ind the connective 
rned Patients this 
ive focal Necrosis 
nal changes typical 
‘s in man the hepatic 
ird to sixth day after 
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tain conditions: in any case it tends to disappear immediately after the A-R 
is a of the G-A-S. Hence, in the above experiment, the failure to obtain 
ae livers at a cert time after exposure to heat should not lead us to doubt 
7 this is a chat ristic feature of the A-R. Several other investigators 


ion following exposure to cold in rats ** and guinea- 


iio noted fatty in! ‘ 
wh hange as typical of the A-R. 


meee sidered this 
pigs” co” 


A B 


_ B. Naked eye view of the liver in a 
Note the light color of the hepatic 
factors responsible for this 
liver is quite variable and 
(After Selye B1204/46.) 


Liver during A-R, in the rat. — A. Normal liver. 
rat in which an A-R was elicited by exposure to cold. Note 
parenchyme, due to marked fatty infiltration. The conditioning 
change are not yet completely understood, but steatosis of the 
inconstant during the A-R. 


cells, as well as changes in the total weight 
of the organ, are clear-cut examples of G-A-S changes which depend pene 
upon conditioning influences such as the diet, genetic constitution, oF the 
availability of glycogen stores. It has been found for instance that in rats, 


in which an A-R was produced by cold while they were completely deprived of 


food, the liver underwent a considerable decrease in weight, despite fat 


Storage.°® 


The deposition of fat in hepatic 


Ionizing radiations. — A detailed s pertinent Baits shows 
that the liver is rather sensitive to ‘ 
tions, even after moderate exposure, 
while bile-flow and the ur 
Upon severe irradiation e 
iments revealed a h’ 

glycogen stores 


Deel 


LIVER 


71% 

discharge of adrenaline.2? Both in mice ** and in rats 2° moderz ; 

suffices to cause pronounced fatty infiltration of the live: oe irradiation 

the pituitary-adrenal system. In man and animals exposed to through 

atomic bomb the hepatic lesions were essentially the same . € Trays of the 

by severe x-irradiation. ; © as those Caused 

Nervous stimuli. — In patients with ‘free anxiety” the hippurj f 

tion after administration of sodium benzoate is signifi antly Se excre. 

was ascribed to a change in hepatic function; it reverts to ee This 

with a reduction of the free anxiety. “It may be postulated that Pita 

in the conjugating property of the liver of patients with free oxime boo 
, elongs 


to the general category of changes which ensue when an organism is’ 
to a situation which induces fear”’.°* , S €xposed 


Ultraviolet rays. — Intense ultraviolet irradiation of the skin, suffici 
produce an erythema, also causes marked fatty infiltration of the ti ae 
mouse. From this it was concluded that the action must be mediaeet aie bei 
some blood-borne principle since ultraviolet rays penetrate the ski begins? 
depth of about 0.5 mm.™! me 


ie ois epenen, nck os Oe 

vel ' s the guinea-pig ** and 
mouse.** In the rat this is less pronounced but usually accompanied by marked 
hypertrophy of the Kupffer cells.** Here again this change was accompanied 
' the classical syndrome of the A-R and was interpreted as an essential part 
of it. 

Anoxia. — Exposure to severe anoxia, induced by low atmospheric pressure, 
also causes degenerative changes and centrolobular necrosis in the liver of 
man, concurrently with other typical manifestations of the A-R.® Under 
certain conditions mice do not develop fatty livers when exposed to low 
barometric pressure,*° but as we have said above, this should not prevent us 
from considering the change as typical of the A-R, since we are dealing with 
a highly conditional reaction. Widespread focal necrosis of the liver has also 
been noted in various species exposed to excess CO..37 In the cat anoxia 
may cause serous hepatitis.°** In men who died from drowning similar changes 
are found, sometimes in conjunction with edema of the gall-bladder.*” 


i? ‘Bs * 
Diseases. “ Many spontaneous diseases of man are known to cause more 


or less prondunced functional or even morphologic liver damage. The relation- 
ship between’ these lesions and the G-A-S will be discussed in connection 
with the diseases of adaptation (cf. Hepatitis, Liver cirrhosis)- Here we 
merely wish to emphasize that ‘serous inflammation” of the liver,** as well as 
various degenerative lesions and even focal necrosis, ar€ common accom’ 
paniments of all those diseases (especially the acute infections and intoxic@” 


tions) which elicit the syndrome of “medical shock”’.°® 
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ia hamsters bearing transplantable mixed-cell sarcomas, extramedullary 

pemopoiesis was particularly intense in the periportal connective tissue of the 

jiver.”° This is mentioned because LAP, as well as various tumor-extracts 

sad tumor-transplant tend to cause similar ectopic hemopoiesis in rats. As 

we have said elsewhere, this is especially common in the liver, the adrenal 
cortex and the connective tissue of the renal pelvis. 


1s. — It is difficult to appraise the hepatic changes during 
lergic reactions. Serologic responses exert intense specific 
he liver, which differ widely in various species and, being 
n the manifestations of the G-A-S, tend to obliterate the latter. 
ty of drugs are known to cause congestion, degenerative 
changes (especially fatty infiltration), gall-bladder-edema and focal necrosis 
in the liver of animals *! and man.*? These lesions have been considered to 
depend largely upon the resulting A-R or ‘serous inflammation".** However, 
here again, specific hepatotoxic actions may be superimposed, since many drugs 
(e.g:, chloroform, CCl,) exert a specific toxic effect upon the hepatic paren- 
chyme.** The hepatotoxic action of vesicants appears fo be non-specific.*® 
Diet. — The diet is a very important factor in conditioning the response 
of the liver to systemic stress (cf. below). However, malnutrition may in 
itself act as an alarming stimulus and elicit the typical hepatic manifestations 
of the A-R. For instance, complete starvation causes intense fatty infiltration 
of the liver especially in certain species (guinea-pig. mouse) and, character- 
istically, the fat-content of the hepatic cells diminishes rapidly as the animal 
progresses from the A-R to the resistant stage."® 
In the livers of guinea-pigs fed on corn, round-cell infiltrations in the portal 
triangles and pronounced proliferation of the Kupffer cells have been described 
as a characteristic finding.“ This was not specifically related to the G-A-S 
(which at the time of these observations had not yet been described), but it is 
noteworthy that the same animals showed marked thymico-lymphatic atrophy, 
gastric ulcers, adrenal stimulation and other typical manifestations of the A-R. 
Among the malnourished inmates of concentration camps, fatty infiltration 
of the liver, congestion, dilatation of Disse’s spaces, accumulation of brown 
“wear and tear pigment”, lymphocytic infiltrations of the periportal spaces. 
hemosiderosis, loss of glycogen and severe liver atrophy often occur in asso- 
ciation with clinical signs of deranged hepatic function. These changes have 
been regarded as quite characteristic of the “hunger disease’ and more par- 


ticularly of protein deprivation."® 
Certain amino-acids (e-g., glycine) are known to exert rather specific hepato- 


toxic effects and can cause extensive liver necrosis.” This as well as the changes 
produced by many other hepatotoxic diets (e.g., deficiency in lipotropic factors, 
certain amino-acids or vitamins) are largely specific lesions; although close 
interrelations appear to exist between these specific hepatic changes and those 
characteristic of the G-A-S. It would be diffic God assess the role of the 


former during exposure to system 
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~~ — of the liver during starvation, in man. — A. Numerous, medium sized fat 
er sint e central portion of a liver lobule, in a 57-year-old, starving, female concentra- 
camp inmate. — B. Infiltration with very large fat droplets in a 39-year-old man suffering 


from severe undernourishment. (After Uehlinger B27612/48.) 
ehlinger B27612/48. 


Stimuli Influencing the Response of the Liver During the G-A-S 


Unlike some of the organs discussed in previous chapters of this book, 
the liver responds to so many stimuli that it is difficult to single out those 0 
sufficient interest to deserve special mention in connection with the G-A-S. 
This great responsiveness of the liver to diverse agents is the cause of the 
repeatedly mentioned fact that hepatic responses during the G-A-S depend s° 
much upon incidental conditioning factors. 

, Hypophysis. — Hypophysectomy causes a pronounced atrophy of the liver 
in all mammals.” This is largely due to diminution of metabolism and espe 
cially of food intake. It was shown, for instance, that the usual changes " 
hepatic weight and composition are almost completely prevented in hype 
physectomized rats force-fed quantities of food approximately isocaloric wit 
the amounts voluntarily consumed by normal controls." 

; We said above that the transposition of fat from the adipose tiss 
into the liver is a rather characteristic change during the A-R. Thi 
becomes particularly obvious if the total amount of liver tissue is reduce 
partial hepatectomy. It is interesting therefore that in the starved rat, hype 
physectomy inhibits the fat deposition in the liver which would normally ont 
upon partial ablation of this organ. Significantly, even 4 small residue © 
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anterior-pituitary (accidentally left behind at the time of hypophysectomy) 
guffices fOr the formation of fatty livers under those same conditions, hence 
the conclusion was ines apable that some anterior-lobe hormone is responsible 
for this effect. Apparently the organism must be completely depleted of 

ACTH ore this reaction is inhibited. Hypophysectomy per- 


circulating 
formed simultaneo! 


formation of fatty 
Pfempituitary, wes ren 


vith the partial hepatectomy did not prevent the 
in the rat although this response never occurred if 
ed long before the hepatic intervention."* The rate 


Mehepavic regeneration } also diminished by hypophysectomy in the rat. 
Purified growth hormone causes no disproportionate hepatic enlargement 
in the hypophysectom ed rat. 


Treatment with anterior lobe extracts causes a disproportionate increase 
in liver-weight.”” Thus in rats treated with a crude, alkaline. beef-pituitary 
extract, the average body-weight rose from 150 to 200 gm. and the liver- 
weight from 7 to 14 gm. during 2 months of treatment. From this it was 
concluded that certain anterior-pituitary extracts selectively stimulate hepatic 
growth and that the hepatotrophic effect is not merely due to the growth 
hormone.*® This view received further confirmation by subsequent experiments 
in which it was shown that thyroxine greatly potentiates this hepatotrophic 
effect in the rat, hence probably the thyrotrophin content of the crude extracts 
added to their hepatotrophic potency.*? It is noteworthy that anterior-pituitary 
extracts not only increase the size of the liver but produce extreme poly- 
morphism of its nuclei with an outburst of mitotic divisions, some of which 
are abnormal and conducive to the formation of large polynuclear giant cells. 
In addition crude LAP may cause infiltration of the hepatic stroma with hemo- 
poietic cells and megakaryocytes.”* Such marked hepatotrophic actions could 
not fail to influence the regenerative power of the liver, which is so often called 
upon during the G-A-S. 

Curiously in intact (unlike in hypophysectomized ) rats, purified growth- 
hormone produces a considerable disproportionate liver enlargement. It was 
suspected that somatotrophin could act through the intermediary of the hypo- 
physis causing it to secrete a hepatotrophic principle.” 

Pure growth-hormone causes a rather pronounced diminution of the liver- 
fat in the rat.°° Allegedly, in the mouse, partially purified growth-hormone 
preparations may exhibit a slight fatty-liver-forming ability,®! but this could be 
due to contaminating substances, especially since this species is extremely 
sensitive to any agent causing hepatic steatosis. 

The fatty infiltration of the hepatic parenchyme is presumably dependent 
.upon ACTH and the subsequent production of corticoids. Steatosis of the 
liver has been produced in force-fed rats by treatment with pure ACTH. 
The production of fatty livers by ACTH has repeatedly been confirmed in the 
mouse.*? Yet in guinea-pigs its activity was much less marked than that of 
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impure anterior-lobe extracts. It was concluded that ACTH is 
account for the entire fatty-liver effect of anterior-lobe reparetieaaaa to 
We attach particular importance to recent observations in Bee 
that threshold doses of LAP, which cause no significant hepatic Be indicatin 
in themselves, become intensely hepatotrophic if ACTH is Simao cement 
administered. This is all the more striking, since the size of he 
(and of the animal as a whole) is diminished, as a result of its catabolic oa 
ect, 


Similar preparations of other tissues (e.g., lyophilized liver) do 

hepatic enlargement when given conjointly with ACTH.*** It is oosaiael 
the component of the LAP responsible for this hepatotrophic effect ot c that 
with that which changes the gluco-corticotrophic effect of ACTH ce: 
mineralo-corticotrophic potency. It will be recalled that minerals . 
(e.g., DCA) likewise possess some hepatotrophic effect (cf. below) oa 


The production of fatty livers by purified corticotrophin is prevented b 
adrenalectomy.® This agrees with the opinion that the effect is mediated 
the adrenal cortex. y 


Adrenals. — Adrenalectomy interferes with hepatic function and structure 
in many ways. The liver of adrenalectomized animals is usually small and poor 
in glycogen, protein and fat; it can be restored approximately to normal by 
adequate corticoid therapy.” 

Immediately following partial hepatectomy the regeneration of the liver- 
remnant is greatly inhibited, if not completely prevented, in adrenalectomized 
rats. This manifests itself by the absence of the usual hyperplastic and hyper- 
trophic phenomena, as well as by the deposition of protein.®* Eventually, 
however, regeneration occurs even in the absence of the adrenals.®* The 
hepatic steatosis, which normally occurs in fasting rats after partial hepa- 
tectomy is also prevented by adrenalectomy.” Conversely, the large quan 
tities of fat deposited in the livers of over-fed rats disappears more rapidly 
during a subsequent fasting period if the adrenals be removed.”° 

It is particularly interesting in connection with the G-A-S that in m3 
the fatty infiltration of the liver, normally seen during an A-R caused by 
cold, colchicine or fasting, can be completely prevented by adrenalectomy: 
These observations have subsequently been confirmed with a number of other 
alarming stimuli, such as x-irradiation ® and muscular exercise.”* 

There is convincing evidence that the inhibition of fat-transfer into the 
liver of adrenalectomized animals is due to a lack of corticoids. Replacement 
therapy with 17-hydroxycorticosterone, 11-dehydrocorticosterone or 
enables adrenalectomized mice to deposit fat in their liver during fas 
The gluco-corticoids appear to be more active in this respect than 
Cortical extracts, unlike DCA, also restore the ability of the adrenalectom7™ 
rat to respond with active hepatic regeneration, after partial hepatectomy: A 
these experiments, the ability to form fatty livers, was also partially reatoe 
by DCA.® In prolonged experiments in which hepatic regeneration occurt 


ting-” 
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despite adrenalectomy, cortical extracts had no detectable effect upon the 


liver © 
A not yet identi 


emnant.”® 
-d fraction of the adrenal cortex, the “fat hormone”, is 
claimed to be especially effective in sustaining the ability of adrenalectomized 
rats to deposit liver at. This compound can be separated from other steroids 
b chromatograph: :bsorption, and has been found much more effective than 
any other cortical steroid so far examined for this “lipocorticoid” activity.” 
On the other hand it was shown in mice, that Kendall's compounds “A” and 
“Bg” greatly augmen! the fat-content of the body as a whole. Here, the liver- 
fat was not separately estimated, but it is possible that some relationship 
exists between these latter steroids and the corticoids responsible for fat- 
tranfer into the liver during systemic stress."® 

It is obvious from all these observations that the transfer of lipids and 
proteins from other tissues into the liver is largely regulated by corticoids. Such 
transfer is presumably a prerequisite for the subsequent utilization of the 
lipids and proteins mobilized during the catabolic phase of the A-R. Hence 
these actions are probably of the greatest importance in the regulation of 
intermediate metabolism at times when the body is exposed to systemic stress. 
(Cf. also Metabolism, p. 110 ff.) 


In the intact animal corticoids als 


structure. For inst 
hyperplasia of the liver. This is all t 
ectomy, DCA is singularly ineffective in promoting hepatic regenera 


o exert important actions upon hepatic 


ance in the fowl“ and rat 80 DCA causes hypertrophy and 
he more remarkable since after adrenal- 
tion after 


ees nodosa of the 
© parenchyme is & 
and infiltrated by inflamm 
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Liver following overdosage with cortisone in the rat. Both ani iti 

v ‘ nimals were  sensit 

ee ee and 1% NaCl as drinking fluid. — A. Liver of vere ee 

i eens — B. Liver of rat which received 1.25 mg./day of cortisone during 33 days. 

Paget Ly arg oma agra by ‘serous inflammation’; the interstitial spaces, between 

pee and the hepatic trabeculae, are filled with fluid. Note also atrophy of hepatic 
columns (presumably due to venous congestion) and marked enlargement of Kupffer cells, 


which are loaded with dark blood-pigment derivatives. (After Selye 35935/ND-) 


e causes 


partial hepatectomy. Conversely, heavy overdosage with cortison 
he rat,” 


involution and sometimes even focal necrosis of hepatic tissue in ¢ 
and mouse.*"™ 

Unilateral nephrectomy, which sensitizes the rat to some (but not to all) 
actions of DCA, very markedly increases its ability to enlarge the liver.” 
Experiments on mice suggest that overdosage with DCA can actually prevent 
the fatty infiltration of the liver normally produced by x-irradiation.®® Perhaps 
this is due to the compensatory atrophy of the adrenal cortex, which would 
diminish its ability to secrete the more active “lipo-corticoids”’ e.g-, 11-dehydro- 
corticosterone. 

Other stimuli. — High doses of thyroxine may cause function 
ally even structural hepatic damage in various animal species an 
It is of particular interest in connection with the G-A-S that in thyroxine 
pretreated rats, exposure to anoxia produces especially pronounce degener” 
ative changes.“* Furthermore sterile inflammation of the subcutaneous tissue, 
s8 Elinger B24015/48. 


“4 Selye 94572/49. ae 
ss Mclver and Winter B33. 


al and occasion” 
d even in man- 
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d by staphylococcus toxin, causes necrosis of the liver in hyperthyroid 


‘nauce 

aapnits® This suggests that hyperthyroidism may specifically sensitize 

hepatic tissue fo the dameqiag effects of systemic stress. However, the fat- 

tranfer into hepatic cells which occurs under the influence of systemic stress, 

is not prevented by ¢hiouracil overdosage. This was regarded as evidence that 
s not necessary for liver-fat mobilization’’.*° In agreement 


“thyroidal activity 
with this view it 
extracts to cause fat der 


ectomy OF propylthiouracil.*? 
Thyroidectomy reduces and thyroxin increases the rate of hepatic regener- 


on in partially hepatectomized rats, but the intense inhibition of liver growth 
occasioned by hypophysectomy is not wholly due to hypothyroidism.** 

Heavy overdosage with natural or artificial folliculoids may cause enlarge- 
ment of the liver, hepatitis and hepatic necroses and even death with severe 
icterus in certain strains of mice.°® However, neither stilbestrol nor testosterone 
or progesterone produce any significant degree of fatty infiltration in the mouse.*° 

The production of fatty livers by partial hepatectomy is greatly facilitated 
by simultaneous exposure to a variety of stresses such as withdrawal of drink- 
ing water, hemorrhage, or intravenous injection of saline.” 

It is common clinical knowledge that the diet exerts a particularly marked 
effect upon the response of the liver to various damaging agents. Thus. for 
instance, the functional hepatic damage demonstrable in patients who under- 
went surgical operations (especially if complicated by infection) is effectively 
counteracted by high-protein and high-caloric feedings.”” Allegedly certain 
amino-acids, such as methionine, are especially effective in this respect and 


hence commonly used in clinical practice. 

It is more specifically pertinent to our problem that food, particularly 
carbohydrates, are most effective in preventing fatty infiltration of the liver 
remnant following partial hepatectomy.”* Furthermore, experiments on mice 
treated with ACTH or an alarming stimulus such as cold or muscular exercise, 
revealed that ‘parenteral administration of glucose during exposure to an 
otherwise effective stress, or during treatment with pituitary extract, prevents 
most of the liver-fat increase’’.”* 

The hepatic cirrhosis produce 
such lipotropic food-factors as choline or methionine. 
to examine the effect of such dietary constituents Up 
caused by stress. 


Hepatic Diseases of Adaptation 


constituted by diffuse non-suppurative 


Although many pertinent types have 
ing that one of the 
tion 1 ngle 


vas noted that in the mouse, the ability of anterior-lobe 
sosition in the liver is likewise not prevented by thyroid- 


ati 


d in rats by CCl; is effectively inhibited by 
% t would be interesting 
on the hepatic changes 


_ The largest group of liver diseases is 
inflammatory or degenerative lesions. 

been described as distinct nosologic entities, it is interesting 
most experienced students of this field F 
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group and states the process may be violent and 
yellow atrophy or there may be prompt and comple 
in most instances of hepatitis (infectious jaund 4 


: y fatal aS in * 
ling such ag gett 
hal jaundice), - 


other cases the early stages are perhaps entirely late 

emerges into clinical prominence in a terminal sta e a disorder on] 

highly advisable in the interest of orderly thinking ¢ ne : 
to correlate these various pictures as has been Acme a ee 
which an analogous state of affairs seems to exist”. In att be nephritis in 
these various hepatic derangements according Ss! the: ae bs arrange 
it is significant that — without thinking of any saeaeil Be ronologic Progress 
G-A-S — the typical triphasic pattern of the latter apr 3 a with the 

PI i merge. 


INITIAL OR ACUT 


wo o 
STAGE (pere-wttas) LATENT \ acepe ty STAGE 


TERMINAL STAGE 
(ecesa smn 


Three stages in th eos 
Libr prose be laos pee of hepatitis in man. — 1. Acute hepatitis (toxic or infectious) 
ery (catarrhal or infectious jaundice). — Acute hepatitis (toxic or 


ean aias nore acute yellow atrophy). — 3. Acute hepatitis which, after an 
y slowly below threshold of clinical symptoms with termination, perhaps 
Various other 


after years, with cirrhosis. The initi 
ears, . e initi i ini 
anittes aiagie! thecnches itial stage may be entirely subclinical (4). 
Af 7 H i sedi 
(After A. L. Bloomfield in Musser’s ‘Internal Medicine’’, 88056/45, Courtesy of Lea and Febiger-) 
as well as the various types of 


It is also striking that acute yellow atrophy, 
s do not appear 0 


eae ceria or chronic hepatitis and hepatic cirrhosi 
ees ‘Se : kL. one pathogenic agent. The acute stages of hepatitis represent 
by Mou oh example of that serous inflammation” which may be elicited 
Pe tal ity stimuli such as microbes, drugs, exposure f0 cold of 
edly ode a foe Some stressors (e.g., syphilis, CCli, alcohol) ar iu 
nine Monta e he affect the liver than others, perhaps because in addition 
ant due an * ect bl also exert specific actions upon the hepatic tissue 
that even here the G-A. ae Nevertheless, it © 4 . tic 
damage. Hence 3 ss Sle Saggeepatieg superimposed upon the specific hep 
defense, as upon pve often depend as much upon the efficacy of syste™” 
the final anal as li : ee hepatotoxic action of the stressors, 

caters ysis liver disease ensues, and if so, whether it will p 
g ypes of yellow atrophy or chronic cirrhosis.** The exp 


°6 Musser 88056/4 see E 
145. 97 Eppinger B37085, im 
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sical ndicating that malnutrition and other types of damage 
the susceptibility to infectious hepatitis* further emphasize the 

_factor in the development of liver disease. 

hepatic damage and the endocrine system is further 

t occurrence of hormonal derangements in patients 


rtance of the st 
The connection bet 
ized by the [req 


emphas! 

ering from liver sis, malnutrition and other types of systemic stress 

icularly dama hepatic cells. These hormonal derangements have 

been discussed in other -onnections, but to remind the reader of the type of 

change that occurs, jet us merely enumerate those which were most common 
f ats with Laénnec’s cirrhosis: loss of libido and potency. 


diminished 17-KS 


testicular atrophy. gynecomastia, 
s of the menstrual 


n urinary gonadotrophins, derangement 
cycl >d decrease in adreno-cortical lipids.” 

Up to now the possible value of ACTH treatment has been studied in a few 
rtinent cases only. Preliminary observations suggest that in hepatic cirrhosis, 
as well as in certain types of hepatitis. liver function improved under the 
influence of CTH. In cirrhosis, biopsy specimens taken before and after 
administration of the hormone indicate a diminution in the amount of fibrous 
tissue This agrees with many other observations showing that ACTH and 
gluco-corticoids tend to diminish fibroplasia in various tissues. 

The possible réle of stress in the production of cholecystitis has not yet 
been examined. Pertinent studies would be highly desirable since the lymphatic 
vessels of the gall-bladder are closely integrated with those of hepatic tissue 
in general and “serous inflammation” is frequently accompanied by marked 
qall-bladder edema, occasionally conducive to actual inflammation.’ The 
“allergic cholecystitis” *°** may also be interpreted as a disease of adaptation. 


of Observations Concerning 
f the Liver in the G-A-S 


of metabolism the liver plays a 
Apart from its 


Theories and Summary 
the Participation 0 


ortant regulators 
prominent role in the G-A-S and the diseases of adaptation. 
e homeostasis of intermediate metabolism, it also 


participation in assuring th 

regulates blood-clotting, hemopoiesis, and the detoxification of many noxious 
compounds. Through its well developed RES. it aids phagocytosis and 
through the formation of bile, it helps to eliminate certain damaging agents 
and to absorb some substances from the alimentary tract. By virtue of all 


these actions, the liver participates in the G-A-S mechanism. 
produce mu oe structural and functional 


Conversely, systemic stress can 
changes in the liver. During the A-R, 
frequently accompanied by a tran 
The hepatic changes of the 
systematically studied. 


As one of the most imp’ 


ially prominent. 
e no been 
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(especially the gluco-corticoids, and perhaps even more actively, the gf 
thetical “‘lipocorticoids”’) restore this ability even in hypophae aaa 
adrenalectomized individuals. Presumably the temporary : Om 
from depots into the liver is regulated by corticoids, 
available for emergency use by extra-hepatic cells. 


| hypo. 


ized 
‘TANSpOsition of fot 


which thus make lipids 


Certain anterior-pituitary extracts exert a definite hepatot , 
in that they stimulate mitosis and hypertrophy of hepatic cel! 4 Pp mes effect 
y uried growth 


hormone and ACTH do not appear to account fully for this action. It 
depend upon a combination of pituitary hormones or a hitherto not yet iden 
component of the anterior-lobe. ihed 


Among the hepatic derangements which appear to be largely diseases f 
adaptation, we mentioned acute yellow atrophy, the various types of aan 
sub-acute and chronic hepatitis as well as liver cirrhosis. In all these instal 
a variety of stressors can act as eliciting pathogens. Undoubtedly, some agents 
are more likely to damage the liver than others, due to their specific hepatotoxic 
effects which act as conditioning factors. Yet, it appears to depend largely 
upon the efficacy of the body's defenses whether any one stressor will cause 
a hepatic lesion and if so, whether this will be merely transitory or develop to 
the dangerous types of acute yellow atrophy or progressive cirrhosis. 


Some preliminary observations suggest that cortisone and ACTH may be 
beneficial in clinical and experimental hepatic cirrhosis, due to their ability to 
counteract excessive fibroplasia. This would be comparable to the action of 
such hormones upon the fibrous tissue granulomas in rheumatoid arthritis, but 
pertinent observations are not sufficient to permit a definite conclusion. 


Edema of the gall-bladder frequently accompanies the non-specific “serous 
inflammation” of the liver which is typical of the A-R. The possible réle of 


systemic stress in the production of cholecystitis has not yet been adequately 
investigated. 


SALIVARY GLANDS 


The salivary glands exhibit particularly pronounced changes during the 
A-R. In rats in which an A-R was produced by colchicine, selenium com 
pounds and other drugs, the organs containing much ribose-nucleic acid exhibit- 
ed especially severe changes. “When extending this study to the salivary 
glands, which also contain abundant ribosenucleic acid, it was found that a 
glands also participated in the alarm-reaction. Microscopic examination reveale 
considerable degeneration and necrosis of the parenchyma of these glands ve 
in many instances suppurative inflammation as well. These observations a 
to throw light on the etiology of post-operative parotitis, which so long dies 
explanation. It is suggested that this post-operative complication 15 yt 
part phenomenon of the alarm reaction of Selye’”’.1 


7 i an 
The frequent appearance of parotitis (sometimes associated with P él 


creatitis) has also been noted in patients suffering from debilitating ducing 
and hunger-edema,? intoxication with thiouracil * and other stress-PrO 


1 Ehrich and Seifter 98683/47, B31789/48. : Trautmann and Kanther 
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mstances- Painful enlargement of the sub-maxillary glands (accompanied 


a d eneralized enlargement of the pancreas) may occur as a complication 
mee racil therapy and emotional stress situations can cause chronic recur- 

of EPS denitis as a consequence of the resulting alarm reaction.” 

se BD tlecgic parotitis” has also been regarded as a derailment of the 
hen It is perhaps significant in this connection that mice receiving very 

=. doses of cortisone exhibit pronounced sudden involution of the salivary 

glands." 


SKIN AND APPENDAGES 
Systemic Stress 


The effect of systemic stress upon the skin and its a; 


: : : id 
been studied systematically in connection with the othe: Cages has not yet 


nanifestations of the 


G-A-S. It is common knowledge, however, that some people flush whi 
blanch with anger, that fear may cover the skin with cold sweal eu Hs others 
dark rings” appear under the eyes after great stress (no matter how ee 
e Pleasant 


it may have been). Debilitating diseases and malnutrition tend t 

of hair, premature graying and atrophy of the skin with a dina a 
elasticity and hydration so that cutaneous wrinkles form. All hese main me 
tions are presumably due to systemic stress as such, but their alt nn 
other manifestations of the G-A-S has not yet been examined mi 


tdi often eccompa eee 
Me often accompanied by nephriti 
arthritis or cardiovascular changes similar to those that we are fe d FE 
interpret as diseases of adaptation. Of course many of these rashes an nie 
specific and quite characteristic of certain pathogenic agents. However, s al 
conditioning factors may impart great diversity to fundamentally sine 
specific responses of the skin. 

Interestingly, experiments on the rat performed specifically to study the 
relative participation of various organs in the ‘catabolic response” have shown 
that the skin contributes a greater amount of protein-degradation products 
during the first twenty-four hours of an A-R than any other tissue examined, 
including the liver, spleen, brain, thymus, heart, kidney and the digestive tract.! 

The extraordinary dryness of the hair and skin was specially emphasized 
by those who studied the effect of severe malnutrition and mental stress 
during the second World War.” At the same time the incidence of microbial 
and parasitic skin lesions was greatly increased.? This may perhaps partly be 
ascribed to decreased skin resistance against any aggression, but here probably 
the prevailing poor conditions of general hygiene were an even more important 
pathogenic factor. It remains to be shown whether the achromotrichia, which 
sometimes accompanies nutritional anemia, is a related phenomenon.* 

Ionizing radiations have such an intense specific effect upon the skin and 

its appendages that any incidental non-specific action would be difficult 
recognize. Yet in a sense, the loss of hair, erythema and perhaps even the more 
severe degenerative and necrotizing skin-changes elicited by x-rays OF radiations 
from the atomic bomb,* could be regarded as non-specific stress effects. 
changes of this type occur only in regions exposed to the rays, hence bY 
undoubtedly ascribe them to direct actions of the radiations. However: § 


of the lymphatic tissue, leucopenia, involution of the seminal epithelium. 


1 Leduc and Guillemin B27410/49 

* Reve ce al BA6730/50. ; Roy 83865 4051 /48, Ellinger 68685/3% 
al. 10. i 
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| Trophic disturbances due to chronic star- 
vation in man, — A. Legs of a 23-year- 
old female concentration camp inmate 
showing gangrene of the skin and under- 
lying tissues developed during starvation. 
— B. Severe chilblains in a 51-year-old 
female concentration camp inmate with 
marked cachexia. — \ Decubitus in the 
ih sacral region of a severely undernourish- 
Le ed 35-year-old male concentration camp 
inmate. Note also laxity of the skin due 

to cachexia. The patient also suffered 


y other changes characteristic of the A-R, 


diary blood-borne principles by systemic 
licate them by their direct action 


ed capillary permeability, and man 
are produced through the interme 


stress during the G-A-S, yet x-tays can duplicate amen ; 
upon the target organs themselves. Perhaps ionizing radiations iniuenct il 


pheral tissues directly (¢-9-» by destroying enzyme-systems and the ane 
permeability of cell-membranes) in essentially the same manner in which other 
alarming stimuli affect them through the intermediary of humoral substances. 


An intense psychic shock may also exert pronounced effects upon the 


skin, e.g., greying and generalized loss of hair.° 
w the administration 


The so-called allergic rashes, which follo it 
proteins and various drugs, often closely imitate those const 
acteristic of certain infectious diseases. Thus 2 
exanthema may occur after sulfonamide 
renal and cardiovascular manil 


of foreign 
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The cutaneous vasodilatation produced by incompa 


blood t 
. : . r. . 
has been ascribed to an endogenous histamine dischai Ansfusion, 


Stimuli Influencing the Response of the Skin Durin: 
of the hormones which play an important defensiv 
have long been known to affect skin structure. Hyp« 
ectomy cause cutaneous atrophy and loss of elasticity 
Similar cutaneous lesions occur in men suffering fron -lobe or ad 
cortical deficiency. It is not yet clear why, in man, hy hyseal insuff, reno- 
does not increase the tendency to form melanosis of t! i oie Cieney 
in Addison’s disease, but perhaps the residual corti 
prevent this change even in the absence of adequate corti: 
It is also noteworthy, though unexplained, that most 
man, do not develop cutaneous pigmentation under the i A ence of hypocortic- 
oidism. Yet it has been demonstrated that even in animals. pigment formation 
by the skin is largely dependent upon the adrenal cortex and can be influenced 
by corticoids. The melanosis of senility and that which tends to develop in 
chronically debilitated patients may also be related to a malfunction of the 
adrenal cortex.* 

It is now common knowledge that patients receiving large doses of ACTH 
tend to develop the typical manifestations of Cushing's disease including acne, 
seborrhea, hirsutism of the body with loss of scalp hair and, more rarely, 
cutaneous striae due to atrophy of the skin. Occasionally this may be accom- 
panied by hyperpigmentation.™ Faciz| edema may add to the development 
of the typical “moon face’ characteristic of Cushing’s disease and apparently 
these cutaneous manifestations are aggravated by excess sodium intake. 

Chronic overdosage with DCA tends to cause marked loss of hair in the 
rat, this being frequently accompanied by “psoriasis-like’ scaly skin lesions.’ 
Systemic overdosage with cortisone may render the rat skin extremely atrophic 
and transparent, primarily as a result of an involution of the dermal connective 
tissue.!” Some of the effects of cortisone are obviously direct, since local applic- 
ation of this hormone, or of an aqueous adreno-cortical extract, inhibits hair 
growth in the rat within the treated area only. Microscopically, there is thinning 
of the epidermis and failure of the hair-follicles to develop beyond the stage of 
epithelial bud-formation."! 

Systemic overdosage with folliculoids likewise causes intense and gener 
alized hair loss in the rat, simultaneously with an involution of the sebaceous 
glands. Conversely, testoids stimulate the development © the sebaceous 
glands, both in animals and in man. In human beings, they also tend to cause 
hirsutism and acne, similar to that of Cushing's disease. Significantly, 
may also produce such changes in man presumably due to an increase 
ation of adrenal testoids. The somatic hypertrichosis caused by testo1e® 

sometimes accompanied by apical baldness in man; conversely, CUNNT |” rhe 
notoriously not subject to baldness unless they receive testoid therapy: ents 
possible relationship of these cutaneous changes to hormonal derangen ag 
during the G-A-S should be examined. The frequent occurrence of iene 
after severe burns may be a related phenomenon. It is also sug 


3-A-S, — Several 
uring the G-A-s 


{ 
komny, or adrenal. 
skin in animals 


| as is seen 
inction suffices to 
rophic stimulation 


nal species, unlike 


gestive to as 


7@Malméjac et al. B40969/45. ® Selye 35935/ND. 
® Selye 94572/49. 10 Selye 35935/ND. 7/48. 
*aDutoit and Bauer B46988/50. 1) Baker and Whitaker p4521 


SbRansohoff et al. B478°6/50. 12 Selye 94572/49. 
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Effect of ACTH on hair growth. in the rat. 


Female rat (body weight 135 gm.) having 
received six injections of 2 mg. of ACTH per 
day (at 4 hourly intervals), over a period 
of 35 days. Note the characteristic loss of hair 
resembling in its principal distribution the 
apical baldness” of man In rats loss of hair 


often also occurs over the shoulders and back 


elye 935/ND 
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some interrelation between the characteristic striae of Cus} 


: : eS ning’s dic 
the cutaneous atrophy which occurs in debilitated indi 9S disease 


iduals and after ond 


dosage with cortisone or ACTH. veel 
The resistance of the skin to local irritation (e.g., by H 1(CN),) j 

diminished in the aged and in patients suffering fron ariety Fs Great] 
conducive to intense catabolism. This test has even bex .gqeunel Stressorg 
indicator of the “resistance of the terrain,” which m: Ip the = a usefy] 
assess the operability of old or debilitated individuals. Che so-called al to 
dermal salt solution test” (cf. G-A-S — Absorption, p. 743), probanie a intra. 
upon similar systemic factors. Both these tests illustrate again hae oye 

Mic 


stress may affect resistance to local stimuli. 


Cutaneous Diseases of Adaptation 


In the preceding pages we spoke of exanthemas, alopecia, hirsutism, sebor- 
rhea, acne, vasomotor and sudomotor reactions of the skin, cutaneous atrophy 
and pigmentation as conditions in whose pathogenesis systemic stress, or hor- 
mones produced during systemic stress, tend to participate. Here we shall 
merely add a few words concerning certain major dermatologic entities as 
possible diseases of adaptation. 

By way of introduction let us point out that — quite independently of the 
G-A-S concept — certain skin diseases of unknown etiology have previously 
been grouped together. Thus lupus erythematosus, erythema nodosum, sclero- 
derma and dermatomyositis have been regarded as allied among themselves 
and related to cardiovascular hyalinosis and the rheumatic diseases in general, 
since they appear to be primarily “collagen diseases”. It has long been suspect- 
ed that all these derangements are due to an abnormal allergic response to any 
one among a variety of pathogens (cf. above). Furthermore psoriasis, eczema, 
urticaria and the rosacea complex have been grouped with the cardiovascular 
and arthritic manifestations of rheumatism as psychosomatic affections because 
they can be elicited by emotional factors and often respond well to psycho- 
therapy."* Several earlier workers found corticoid therapy efficacious in 4 
variety of skin diseases (cf. p. 69), which appeared to have an allergic com- 
ponent, but the results were variable, presumably because the most effective 
gluco-corticoid preparations were not yet available. 


Lupus erythematosus disseminatus. — It is now generally recognized ar 
lupus erythematosus is not merely a skin disease, but involves the blood-vess¢ s 
throughout the body. The skin lesion itself is mainly characterized by dilatatior 
of the blood- and lymph-vessels, degenerative changes in the basal cor: 
the skin and perivascular lymphocytic infiltration. At the same es: i 


eet the- 
Effect of ACTH in lupus erythematosus disseminatus. — A. 15-year-old girl with at oie 
matous rash over both upper eyelids and scattered small erythematous areas adject 
over both cheeks. Photograph taken during 6th month of disease, before initiation © cdterD 
— B. Typical “rosette of L. E. cells’ found in heparinized peripheral blood during Kt uch. The 
before treatment. — C. Spongy gums exuding serum and bleeding on slightest Cy caused 
patient could not eat, because of painful lips and gums, before treatment. —~ ©" A approxi 
disappearance of gum lesions and prolonged remission. This photograph was taken 
ately four months after discontinuation of ACTH. Note normal lips and gums. Chicago: 


. ital. 
(Courtesy of Dr. D. Markson, Wesley Memorial Hospit@ pe 


1% Laroche and Trémoliéres B37795/49. 


"14 Halliday B44599/43, B46202/45- 


b 

on disseminated lupus erythematosus. — Changes in the facial expression, 
Beet Braue oF a 17-year-old ate sdntted moribund with disseminated lupus erythema- 
Pas and treated with ACTH (100 mg./day) for over a month. — A. Note the typical 
foie fy rash involving also the forehead. — B. The cushingoid facies and acne at the height 
coop z associated ‘with the characteristic hypochloremia and hypokalemic alkalosis. — 
: a to normal facies two weeks after discontinuing ACTH. Note the complete 
ee cearance of the rash in this successfully treated case. Here the remission lasted for many 


months and no relapse occurred up to now. 


(After Thorn et al. “The Effect of ACTH in Disseminated Lupus Erythematosus To be published.) 


< Legend 


732 CUTANEOUS DISEASES OF ADAPT 


matosus 
found if 


Effec , 
ffect of ACTH in lupus erythematosus disseminatus. 17-year-old girl with lupus erythe 


of seve : : 

pees ——<* <a Typical lupus erythematosus cells ("L.E:.cells )) were fter one 

month of ACTH e . Appearance of face on admission. — B. Appearance of face a ya ; 

Pak Meclcceinnt aon reatment. Note that the skin lesions have disappeared. Curiously. of a 

C. Large oblon ahaa, the lesion became fiery red after about one week of A 3 

pronounced eek ematous area over the hard palate, surrounded by miliary ulcers | 
exulceration on upper lip, before treatment. — D. Note disappearance te 


both on a ; cages 
on palate and on lip after ACTH. (Courtesy of Dr. D. Markson, Wesley Memorial Hospital cn 
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EFFECT OF ACTH IN A PATIENT WITH DISSEMINATED LUPUS ERYTHEMATOSUS 


BS ~4 3[-2[+[1[2[3[47slel7[e[e]ol[ufele 23 
pcTH- MG/0AY 0 0 oO 0 | 40 4 40 40 40 40 40 40 40 40 40 40 40 | °| 
SED RATE-MM/H “a 4 4 36/20 31 2 6 eS hee 22 3 36 
wBC-1000/00 MM 40 3.7 | 47 45 86 58 60 59 78 76 126 182] &3 

PHS" % 56 26 20 u 13 40 

cos/cu. MM 4 | °o 0 o 0 0 ° o 0} 19 

FAS. MG% 74 | 79 103 94 «99 90 86 67 

7 KS-MG/DAT 29 34 82 
¥ GLOBULINS-% 284 284 240 

SKIN RASH at 3+ a+ + 1+ 

SPLEEN 3t 24 NOT FELT I+ 


Improvement in the clinical course of a patient with disseminated lupus erythematosus during 
treatment with ACTH. Note also immediate return of the signs and symptoms following 
discontinuance of treatment. This patient subsequently received two more successful courses 


of ACTH. (After Thorn et al. B39546/49.) 


blood-vessels of various internal organs, there are degenerative and inflam- 
matory lesions very similar to those seen in periarteritis nodosa. In its patho- 
genesis, allergic and hypersensitivity reactions appear to play a major réle.!® 


Since the systemic manifestations of lupus erythematosus greatly resemble 
those produced by excess mineralo-corticoid administration in animals, and 
since ACTH on the other hand proved to be spectacularly effective in many 
pertinent cases,’ it is reasonable to classify this condition as primarily a disease 
of adaptation. 


It is particularly interesting that the thiosemicarbazone derivative A yle 
which proved to exert “cortisone-like’” actions upon 4 number of rheumatic 
conditions, also caused pronounced remission, with a decrease in E.S.R., in a 
case of lupus erythematodes.'* Here the results were ascribed to an inter- 
ference with excessive mineralo-corticoid production. 


Erythema nodosum. — Erythema nodosum is likewise commonly asso- 
ciated with cardiovascular manifestations of rheumatism. It may be accom- 
panied by tonsillitis or arthritis and appears to result from an allergic response 
to drugs, microbes, etc.!7 In view of these clinical characteristics, and especially 
because of the great resemblance between the lesions of erythema nodosum and 
those produced by mineralo-corticoid overdosage, this condition has also been 


interpreted as a disease of adaptation.” 


15 

», Ayvazian and Badger B24715/48. 
Astwood et al. B47853/50, B47926/50. 
eee B47735/50. 
Bordley et al. B46989/50. 
Elkinton et al. B45107/49, B46985/50, 
Tace and Combes B44786/49, 
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Dermatomyositis. — This is a non-suppurative jn{ 
subcutaneous tissues and muscle, with areas of derma 
which there are small foci of epithelial necrosis 
edematous and contains lymphocytic infiltrations. Th 


ammati 

na tion of the 
1 1yPerkeratosig a 
'€ Cutaneous tis 


Skin, 
Mon 
SUE ig 


ice 
also involved in the inflammatory reaction and may und yi, degene tissue j, 
disease is frequently accompanied by arthralgia a: netimes Tation. The 
tracture of the joints. The spleen, liver and ly: 1odes ate Con. 
enlarged. Tequently 


The histologic characteristics of the skin and musc! 
of the pathogenic agents which appear to be capable of producing this mal 
suggest some relationship to the diseases of adaptation. It is especially Bee | 
tive in this connection, that several cases have responded well to ad = 
cortical extract,!® cortisone or ACTH.”° Feho 

Four patients with dermatomyositis exhibited marked improvement unde 
the influence of para-aminobenzoic acid treatment.*"* It remains to be soe 
whether this is in any way related to the G-A-S mechanism. 


ions and the diversi 


Scleroderma. — Scleroderma is characterized by an atrophy and fibrotic 
contraction of the skin and subcutaneous tissues. Histologically, the most 
striking changes are proliferation of connective tissue with lymphocytic infiltra- 
tion within the derma and especially around the smaller arteries. Frequently 
calcium deposition occurs within the inflammatory tissue. Although originally 
this was believed to be a purely dermatologic condition, it is now generally 
recognized that scleroderma tends to affect visceral arteries as well and the 
malady is classified with the ‘‘diffuse collagen diseases.” It is frequently accom- 
panied by manifestations of Raynaud's disease and arthritis.*? Allegedly, it is 
accompanied by some derangement in sodium metabolism since the diffusion 
of radio-sodium through the capillaries is frequently subnormal, as in most 
other collagen diseases.”* as 

With regard to its possible relationship to the diseases of adaptation it 1s 
noteworthy that electro-shock therapy has allegedly been beneficial in some 
cases “* and certain manifestations have suggested hypocorticoidism (creatin- 
uria, myopathy, negative nitrogen balance, pigmentation, diminished i 
excretion and occasional low plasma Na and Cl levels). In an effort to cote 
this supposed hypocorticoidism, at least as far as the deficient testoid product 
is concerned, testosterone propionate has been given in large doses, alle 
with considerable success. ACTH has only been used in short tests ups 2 A 
and it appears to have normalized at least the biochemical manifestation’ ; 
hypocorticoidism,”4 although, in this disease, ACTH does not appeat we 
spectacularly effective.4* In one case of scleroderma with dermatomy 
para-aminobenzoic acid caused a marked remission.”*” aus 

In connection with the possible endocrine derangement in scleroderm a 
noteworthy that in rats, overdosage with parathyroid hormone pre urgeons 
scleroderma-like skin lesion.2° Stimulated by this observation, ee 26 Al 
performed partial parathyroidectomies and reported beneficial result»: 

24 Hertz and Forsham B33416/49. 

248 Astwood et al. B47853/50. 


50. 
Bayles et al. Bases 320/50: 


20 Elkinton et al. B45107/49, B46985/50. 
Ragan B46984/50. 

208 Zarafonetis et al. B47320/50. 

21 Bongini B43806/48. 

22 Mufson et al. B38708/48. 

22 Cordoba et al. B40719/46. 


24b Zarafonetis et al 


25 Selye 901/32, 19/32. 
20 Lenele and Jung 673/31, 


SCLERODERMA 


Effect of ACTH in arthropathic psoriasis. — A. Shows the patient ke 8 geet 
B. after seven days of ACTH administration. Note the diminution in the scaling, a y 
obvious around the heels. The arthritic manifestations were also greatly improved. 
histologic changes see next picture.) 
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though signs of hyper-parathyroidism are quite inconstant and 


: systemic injuries, because the derma is redominantly a 
thyroidectomy does not always bring relief in scleroderma, the Sle te Para. skin t© Bese ea re iain — ioe 
the parathyroids in the pathogenesis of this disease would be went ayed by connect! Ng — and particularly the hypophysis-adrenal system — exert 
ther study. It is quite possible that in this instance both the adr Y oF fur. that the influence upon the development of skin lesions. That is probably 
and the parathyroids could be involved. ee Cortex s oa Bay systemic infections and intoxications are accompanied by 

Psoriasis. — The frequent association of psoriasis and rheumatoid : Niytaneous manifestations. Yet, we must point out emphatically a " label 
suggests some relationship to the ‘‘collagen disease” group. Signifiess aaa a Y 2 condition as @ “disease of adaptation does not ae “e speci asad 
before the description of the G-A-S, dermatologists had suspected aa y Much | fail to enter into its p sthogenesis. Indeed there is : 2 es Le Sieaae i 
might be an endocrine disease and particularly that some derangement ane diseases predominantly due to ee i eae cits pemogene 
function of the adrenal and thymus may play a rdle in its pathoge i Ls which these ee fe a fe papa it hea beeo 
There are many metabolic derangements in psoriatics (diminished ae j and derailments ef oa He Pe fae DT, ie eee Oe 
excretion, flat glucose tolerance curve, ascorbic-acid depletion, high ae emphasized ‘¥ a ‘ 2 es a ee al eecitpe 


potassium, low blood-pressure) which suggest hypocorticoidism and occasion- | the ee ch Sclye, pata nceurately, describes as atceseto* 
| 
| 


ally beneficial results have been obtained with impure cortical extracts.” High ad ae here again non-specific therapy by stress acts largely as a 

doses of cortisone or purified ACTH appear to be even more successful.” Quite poss NOTH discharge. This naturally does not imply that leprosy 

The benefit obtained with large doses of folliculoids ** may well have bees but it may indicate that the response to 

indirectly due to a discharge of endogenous ACTH. d other characteristic lesions, 
Several recent investigators classify psoriasis among the diseases of adap- 

tation.** 


result of an 
js merely a disease of adaptation, 
the causative organism, with cutaneous an 


depends on the G-A-S mechanism. 


Other skin diseases. — Numerous other cutaneous manifestations of disease 
are presumably influenced by the G-A-S mechanism but it is not within the 
province of this book to discuss them in detail. Let us merely mention here 
the cutaneous purpura of Waterhouse-Friderichsen syndrome,** which is 
manifestly related to adrenal damage; and the beneficial results obtained by 
ACTH administration in such diverse conditions as urticaria,** exfoliative 
dermatitis due to iodine,*® atopic dermatitis,*® neurodermatitis, eczema,” and 
erythema multiforme.** 

It is perhaps pertinent to mention that cases of infantile eczema with sudden 
collapse appear to respond very well to cortical extracts.® It has been claimed, neu ah Ieee 
futhermore, that DCA is effective in the herpes of gestation 40 and there is 
some preliminary evidence to suggest that pemphigus may improv 
ment with ACTH. (Cf. also: p. 69.) 

The relationship of Raynaud’s disease, Boeck’s sarcoid and 
to the sympathetico-adrenal system and to psychosomatic derangements, a 
role of periarteritis and allergic-rheumatic factors in the anaphylactoid ts 
of Schénlein-Henoch,‘? as well as the many trophic disturbances of o = 
which occur in undernourished concentration camp inmates,** have 4 
discussed elsewhere. 

Capillary permeability and the responsiveness 
nective tissues play a particularly prominent role in the © 


e upon treat- 


allied conditions 
the 


mal con- 


of the mesenchym of the 


esistanc 
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jmportant role in the maintenance of this peculiar lipid- and steroid-rich tissue 
the exact mechanisn by which the hibernating gland responds to stress is 

THE “BROWN FAT” ; not yet clear; indeed nF relevant cats appear to be contradictory. 
O R Apparently nervous stimuli also participates in the involution of “brown fat” 

in fasting rats this was considerably retarded by denervation. 


“HIBERNATING GLAND” 


It will be recalled that in various animal species a sp 
tissue occurs which upon naked eye inspection is Bherac 5 ‘4 PE of adipose 
color. Histologically it resembles a lipid-storing icc by its brownish 
the adrenal cortex, the corpus luteum, or the Leydig Belle abe gland (such as 
pe p waa cells contain numerous small Be cules andl testis) because 
lid wipes Tn somes eg ens ei 
us), present throughout life, in others includi nating ani- 
quite regularly in certain locations (e.g., the vicinity of re ae 
thymus and kidney) during ene af the parathyroids, 
pletely transformed into common adipose tissue is more or less com- 
: ; 


In hibernating animals, the chief function of this organ appears to be th 
¢ e the 


storage of certain lipids during the acti : 
ctiv' 

able as nutrients throughout sone : oem a order to make these avail- Hibernating gland during the A-R in the rat. — A. Control for B, C and D. After removal 
sat uantiadte te on. uriously, the ‘brown fat” contains of the skin between the shoulder blades, a yellowish or light-brown tissue, the “hibernating 

y large amount of cholesterol, glycogen * and testoids.? gland” is visible (butterfly shaped). In the other animals an A-R was produced by exposure 
In experiments on rats the lipid and al ; during 48 hours to the stressor effect of: — B. Spinal cord transection at the height of the 
ave canidiy diach : pia and g ycogen-granules of this ‘brown fat” 7th cervical vertebra, — ©- Exposure to cold (42°C), — D. Repeated forced muscular 

Pp y discharged during the initial phases of the A-R. irre ‘ exercise, while food was withdrawn. Irrespective of the nature of the stressor agent, the 
alarming stimulus used. At the same time th , , spective of the hibernating gland became dark-red due partly to discharge of stored lipid granules and partly to 
sslicr atarnses cod th time the g and becomes extremely hyper- intense hyperemia. (After Selye 35935/ND. } 
(india-i } ane the phagocytic power of its numerous macrophages 
ue ia-ink technique) is considerably increased. In general the dischar F Summary. — The lipid and glycogen-granules of the hibernating gland, 
lipids from the “brown fat” runs closely parallel with the elimination ot all or “brown fat’ are discharged during the A-R and reappear as the resistant 
ophilic material from the adrenal cortex. It was concluded ‘‘that discharge of nae ee The adrenal gland is not essential for the discharge of these 
ranules. 


is rom the brown ferent character respons ing 
pe ee A, Ca ress; it pues to be a sensitive, early indicator 
discharge of lipid g alarm-reaction”.® Adrenalectomy does not prevent the 
ie rahe ees Se the brown fat of the rat during the A-R} 
depletes the potting, cee Ee oreey! ee hypophy = 
hypophysectomized mi ACTH | pereotee Upics in the mouse and rat. . 
that the maint . prevents this change it is concluded therefore 
eet a intenance of the normal complement of lipid, in brown adipose 
oo epends upon the functional integrity of the adrenal cortex: he 
pituitary apparently exercises its effect upon this tissue through its regulation 
of adrenal cortical activity’. 
rey aie series of experiments on rats it was noted that ACTH increases 
of ACTH f toes of the brown adipose tissue, but even very larg ee 
ef aeaioctiaed a 1 aintain the fat content of the hibernating gland in ie 
fibecnating cl sy Heavy overdosage with cortisone reduces the size 4 - 
evden to gland in the mouse and produces A-R changes.’ While 
at the A-R, and particularly the hypophysis-adrenal axis, 


e mrad a. 5 Fawcett and Jones 
and Hoskins A35449 
® Selye and Timiras 83607949, : pee 547052. : 


* Timiras B38908/49, 
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ABSORPTION 


The absorption of diverse substances from the alimentary canal 

: al or f 
parenteral sites is dependent upon many factors. Especially important . 
these are: the blood and lymph-circulation of the area {rom which abso 
is to take place, the distribution or “spreading” of substances in the te 
the permeability of the membranes (e.g., peritoneum, intestinal epithe 
capillary endothelium) through which these compounds have to traverse pe 
the ability of the body to attack these substances (by phagocytosis or chemical- 
ly) to render them optimally absorbable, etc. 

Many of these factors have been discussed in other sections of this volume 
(cf. metabolism, hyaluronidase, gastrointestinal tract, capillary permeability, 
phagocytosis, R.E.S., etc.). Nevertheless it seemed advisable to devote a small 
chapter to “absorption” as such, since in many pertinent investigations this 
complex process has not been broken down into its constituent elements. 

During the A-R, the decreased vitality of the gastrointestinal epithelium and 
the wound surfaces which result from erosions in its lining, render the gut 
passively permeable for substances which normally do not traverse it unchanged. 
Thus in the guinea-pig and rat, orally administered adrenaline and histamine 
proved to be highly toxic during an A-R produced by cold or excessive mus- 
cular exercise. Hence if we consider the possibility that toxic materials liber- 
ated from tissues may be responsible for some manifestations of the A-R, we 
must also keep in mind that the increased permeability of the alimentary tract 
opens the way for the invasion into the blood of poisonous substances (and 

perhaps also of living micro-organisms), which normally are retained in the 
intestine by a resistant surface-epithelium. Some types of food-allergy may 
also find their explanation in this phenomenon (cf. serologic reactions, P- 
Yet, the absorption of toxic materials from the gastrointestinal tract cannot 
solely be responsible for the systemic “imtoxication’”’ during acute stress, since 
an A-R can be produced even in a completely eviscerated rat.’ ‘ 
Perusal of the pertinent literature suggests that, during the AR, is 
intestinal epithelium first loses its selective power to absorb prelerell ag 
certain substances, while rejecting others. Thus in rats in which shoc ia 
produced by muscle trauma, the selective oral absorption of gluco : 
delayed and very irregular.2 In guinea-pigs the intestinal absorptto 
phosphates is diminished during traumatic shock.® .- NaCk 
After a severe hemorrhage the intestinal absorption of an isoton ag Ifate is 
solution is accelerated in the dog,‘ yet the absorption of magnesium st 

not significantly influenced.® 

After total body exposure to the ionizing radiations of BD 
explosion, the gastrointestinal exulcerations tend to be particular 
Here, “absorption of toxic substances through the injured 


= van Liere et al. 
5 van Liere ese 


byl 


n atomic bomb 


1 Selye A8052/38. 
2 Cordier and Touze B37155/48. 
® Moyson and Toussaint B45998/49, 
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d accumulation of tissue break-down products in the blood-stream, are 
n 


g ena which logically might follow the wide-spread necrosis that occurs 
otal body irradiation”.® Although the lack of evidence in support of 
after nt assumption has been deplored, some of the previously mentioned 
sce vations indicate that there is much in favour of this suggestion and indeed 
fe) 


that it may also ap 
The so-called ‘intr 


cal medicine to © 


oe of absorption trom the skin. It is based upon a determination of the 
ce at which intrac mally injected physiologic saline disappears. Usually 
n is judged by the vanishing of a palpable wheel. A large number of 


arently unrelated diseases accelerate the disappearance of the fluid so 
ited Among these are nephritis,s scarlet fever and diphtheria,? tuber- 
A ; g 


6 . F vey Lt 
serum sickness,’* lobar pneumonia, 


; ee 12 
+. 10 preqnancy toxicoses,” icterus, 
culosis,'” preg : 
thyrotoxicosis 15 yarious types of circulatory failure 16 and heart disease. A 
‘ . “a . . 
H diabetic subjects, the acceleration of the ‘disappearance time 


dly, in f the 
Pie at closely parallels the severity of the condition,’ but this has not been 


confirmed.'? This may well depend upon increased gluco-corticoid cacao 
since the latter exert similar actions upon the dermal edema of the experimenta 


“topical iritation arthritis’. Z 
The “disappearance time” is lengthened only by very few conditions, for 
instance myxedema,”° but here, the delay in absorption is probably due to 


the generalized edema tendency. . ‘ 2 

It has been found convenient to add dyes, for instance ae age 
the injected fluid, since this greatly increases the accuracy of oi ae esis 
this improved technique it was found that in young persons the Int ia 


is smaller, while in older subjects, the dye tends to disappear faster from the 


skin, “In the older subjects the ready spread of the dye opens a larger 


absorbing area; initial absorption may be poor due to pe Li alone 
lesser pressure, possibly less tissue damage, less y ae ano 
consequently, less lymphatic suction, but the secondary s ame i 
(24 and 48 hours) may be faster due to the greater area a wis 5 od 
However, the outcome of the test depends on a multitude o! fa 


i t 
inv partition many one case wold Bs SS oso 
ee ae ee skin, binding of the dye by proteins 


liberation, the water and salt content 0 em 
in macrophages, and perhaps to some extent also blogs andliee at 7 ye 
feel that from the point of view of the G-A-S, the ee ett aemiak 
only be interpreted somewhat like a blood-sedim« ta ee et agoe 
depends upon a multitude of lar 1 w : peve a 
empirical indication of many ee 
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clinical laboratory tests may well deserve to be used , 
those interested in the pathology of systemic stress?! _ . “xtensively b 
s. y 


Summary. — During the A-R, there is a great dimini; 


intestinal epithelium to absorb selectively certain subs ~~ ability of 
others. If extensive gastrointestinal ulcers occur & ee rejecting 
not absorbed from the alimentary tract can Readily tr . ‘ubstances normal 
the wounds and thus cause systemic intoxication. Th: F _ Be: through 
 Ccrangemenn 


Vanishes 


during the resistant stage but no systematic studies have b 
ds een carried 
Out 


in the stage of exhaustion. 1" 
A number of damagi 
ging agents, especially a variety of! 
; : y of spont i 

mer the disappearance of intradermally injected phy siolagieaatl diseases 

aia saline j f 
Ithough the corticoids presumably participate in these cha a me 
ion rate their precise réle remains to be determined os 


*! Strauss and Necheles B27843/48, 


SEROUS CAVITIES 


Serous transudates are frequently found in the pleural, pericardial and peri- 
toneal cavities of animals during the A-R, irrespective of the alarming agent 
used.t The formation of such transudates appears to depend upon many 


conditioning factors such as the total salt and fluid intake, the excretory ability 
of the kidney for water and electrolytes, and the blood-protein-osmotic pres- 
sure. Not all of these factors are equally affected during an A-R produced 
by different agents, hence the degree of serous transudation is rather variable. 


In men exposed to heat-stroke, transudates occur in the pericardium, pleura 
and peritoneal cavity, in decreasing order of frequency. Sometimes the fluid 
thus formed is tinged with blood.’ Comparatively little is known about the 
effect of the G-A-S upon the accumulation of fluid in joint cavities and the 
formation of cerebrospinal fluid. Incidental observations on animals suggest 
however, that fluid accumulation in the synovial and meningeal spaces is 
also enhanced by the A-R. 

Experiments on rabbits showed that an A-R, produced for instance by 
colchicine, greatly diminishes the permeability of some membranes as measured 
by dye methods. The urinary bladder 2* and the synovial membranes 2> both 
showed this diminution. 

ACTH was found to be “almost as effective in decreasing permeability of 
the synovial membrane as the alarm-reaction”’.*° 

Overdosage with mineralo-corticoids (e.g., DCA, desoxocortisone) tends 
to cause fluid accumulation in the large serous cavities of the body, especially 
in the pericardium and the peritoneum, but occasionally also in the meningeal 
and pleural spaces. This may be accompanied by fibrinous inflammatory lesions.* 

Hyaluronidase enhances osmosis through the bladder membrane in vitro 
and this is further increased by DCA. Adreno-cortical extracts abolish this 
enhancing effect. Yet, this action is not specific since testosterone and chol- 

esterol were similarly active, and various folliculoids actually reverse the 

direction of the flow through hyaluronidase-treated membranes. It was noted 
furthermore, that “hyaluronidase did not alter the complete inhibition of 
osmosis through the bladder membrane of rabbits which had been exposed 


to an alarming stimulus” * (cf. F 


Similar experiments © 
extract and cortisone d 
tissues lining the jo: 
jovial mem 
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The eftects of mineralo-corticoid overdosage are 
syndrome of polyserositis. This in turn, appears to b 
allergic diseases and may co-exist with periarteritis 
Sacks’ syndrome.* 


reminiscent of 

iets the cj... 

z ia to the shenaaal 

nodosa and th Atic. 
@ Lib 

Man. 


Summary. — During the A-R, the formation of transud 
pericardial and peritoneal cavities is enhanced. Intoxicat F 
of mineralo-corticoids exerts similar effects. The a ica va high doses 
resembles polyserositis, a clinical condition which appe - to Ee Produced 
rheumatic-allergic derangements and the diseases of Bact ie related to the 


ates in the Pleura] 


5 Palacio B43773/47, 


INFLAM MATION, PHAGOCYTOSIS AND 
CAPILLARY PERMEABILITY 


The phenomena o! inflammation, phagocytosis, capillary permeability and 
the spreading of chemicals and microbes through the connective tissue spaces 
Bre ncO intimately interdependent that it is most expedient to discuss them 
conjointly. It must be kept in mind, however, that some of these factors have 
already been touched upon in other connections, for instance, phagocytosis 
(cf. RE.S. hemopoietic system, p. 458 ff.), capillary permeability (cf. cardio- 
vascular system, p. 489 ff.) and ‘‘spreading” (cf. hyaluronidase under meta- 
bolism, p. 248 and abscrption, p. 742 ff.). 

The G-A-S exerts a very pronounced effect upon inflammatory reactions. 
It has been emphasized that while bacterial exotoxines have very specific 
effects (e.g., tetanus-toxin causes muscle-contractions, diphtheria-toxin vas- 
cular disturbances), the endotoxins produce a rather non-specific syndrome 
reminiscent of the A-R. There is prostration, variations in blood-sugar, hyper- 
lactacidemia, diarrhea, congestion of the viscera with massive intestinal and 
occasionally widespread capillary hemorrhages, disintegration of the lym- 
phatic organs, discharge of the chromaffin granules from the adrenal medulla, 
etc. It is interesting that in guinea-pigs the subcutaneous injection of various 
living or killed microbes (staphylococcus, Koch bacilli), or microbial extracts 
(polysaccharides, nucleo-proteins, etc.) regularly produces an intense inflam- 
matory reaction at the site of injection. There is edema and diapedesis of 
polymorphonuclear leucocytes. This diapedesis (but not the edema) can be 
inhibited by systemic intoxication with bacterial endotoxins. In response to 
a systemic intoxication with endotoxins the adrenals discharge adrenaline, 
hence it appeared of interest to examine whether this hormone is responsible for 
the inhibition of diapedesis. When adrenaline was injected subcutaneously 
together with an irritant (e.g., staphylococci) it did indeed prevent diapedesis, 
but no such inhibition could be produced even with very high doses ot this 
hormone if it was injected at a distance from the irritant. Furthermore, ergo- 
tamine (which blocks most of the adrenaline actions) can not prevent the 
inhibition of diapedesis produced by systemic intoxication with bacterial endo- 
toxins. This is all the more significan e the direct effect of adrenaline 
(topically applied to the area of ) | by ergotamine. In view 
of these observations it d i treated with 


y 


responsible for the 
It 
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Further investigations showed that anaphylactoid* as well 
and toxic “shock” * also inhibit diapedesis. This inh as traumatic 


3 libition is 
both after subcutaneous and after intraperitoneal injection of pa emonstrable 
B Irritant, 


Although, as we have seen above, adrenaline is not the 
ofl responsible aq 
rq 


the adrenals do appear to participate in this inhibitio: ent, 


iapedesis. If in 


rats receive a small amount of sterile broth (such as is used by bacteri tact 
intraperitoneally, fluid recovered from their peritoneal cavity a TF logists) 
later is found to be invaded by many mono- and polymorphonuclear fee hours 

: Ucocytes, 


On the other hand, if these same animals are simultaneously gi 
subcutaneous injection of typhoid-endotoxin, the diapedesis of lena ‘ Fatal 
the peritoneum is almost completely inhibited. Adrenalectomized rate “it 
much more sensitive to the lethal effect of the typhoid-toxin — show pee 
diapedesis of leucocytes into the peritoneum after the injection ot ae 
broth. “These results appear to show that principles liberated from a 
adrenal cortex play a réle in the inhibition of diapedesis. Most oroballe 
these principles are hormones”.® Such observations led to the assumption det 
the inhibition of diapedesis is a result of the A-R, which, through the incgeneld 
production of adrenal hormones, renders the capillaries impermeable to 
leucocytes. This might explain why adrenalectomy prevents the inhibition 
of diapedesis, although, at the same time, the animal's resistance to stress 
diminishes because it can not form defensive adrenal hormones.® The decreased 
resistance to infections, which is often apparent during traumatic shock, has 
been ascribed to this same inhibition of diapedesis. During systemic stress 
“the microbes, which infect the wounds, can proliferate without inhibition 
when they are protected from the aggression of the blood phagocytes”.‘ 
Since corticoids share many pharmacologic actions of antihistaminics and 
salicylates it is interesting to compare the above hormone actions with the 
antiphlogistic effects of the latter drugs.® 
Recently, much attention has been given to the antiphlogistic effect of the 
thiosemicarbazone derivative ‘“Tb I’, since the latter appears to exert cortisone- 
like actions in a variety of rheumatic, allergic and other inflammatory Com 7 
tions. It has been claimed that “Tb I’ decreases the “inflammatory potentia 
of tissues, somewhat like gluco-corticoids do, perhaps because it blocks the 
action of the antagonistic mineralo-corticoids.** 
tic power 


On the basis of experiments on dogs, it appears that the phagocy few 
of the blood-leucocytes falls rapidly to very low levels during the first op. 
hours of traumatic shock, but returns to normal after 24 hours. Here, wes 
samples were taken before, during and after shock, and the phag Pe 
was estimated by the number of added bacteria ingested by the bloo ‘ 
in vitro.? Since these observations have not been followed into the ee ould 
stage of the G-A-S we cannot say whether at that time, phagocytons he 
have risen above normal. However, so many manifestations of the A- 
been shown to be actually reversed during the resistant stag® that 
sibility should be considered. In any case, one cannot merely § 


effect upon phagocytosis in general, since certain reticulo part 


© Delaunay et al 94910/46. © Fabinyi et abe 

- Delaunay et al. B3114/46. Fabia Mei 

# chanted et i. te saHeilmey' 
nay ani ebrun B 

7 Delaunay et al. ori tae “0 eS 


INFLAMMATION, PHAGOCYTOSIS, CAPILLARY PERMEABILITY 749 
have been shown to become extremely phagocytic during the A-R, Sd 
gikew remain uninfluenced or actually exhibit an inverse type of response 
(cf. RESS., p- 458 #! 

It has also been claimed that macrophages can be formed locally from con- 


nective tissue elements, under the influence of systemic stress. In animals, whose 
olymorphonuclea! leucocytes had previously been destroyed by benzol, a 
subsequently produced Arthus phenomenon nevertheless evolves in a normal 
Furthermore, in an isolated rabbit-ear, perfused with physiologic 


manner. 
saline, local allergic reactions can still occur and these cause the appearance 
of numerous macrophages (though not of polymorphonuclears) around the 


blood vessels. Apparently, at least the macrophages can be formed locally from 
connective-tissue cells and do not have to be brought into the inflammed area 
by the blood. The fact that an allergic tissue-reaction can be elicited in the 
absence of any blood-borne antibody, likewise suggests that local anaphylaxis 
is not merely a humoral phenomenon, but also a tissue-reaction.’” Of course, 
it is undoubtedly true that blood-borne antibodies nevertheless play an impor- 
tant part in such responses, since the intensity of the Arthus phenomenon runs 
parallel with the blood-antibody titer.” 

Experiments on frogs showed: that a perfusate of the heart, obtained after 
impairs the phagocytic power of the leucocytes (against 


This effect has been ascribed to acetylcholine, which 
f adrenaline increases 


vagus-stimulation, 
Friedmann bacilli). 
exerts the same effect in vitro. Subcutaneous injections 0 
phagocytosis, while pilocarpin exerts an opposite effect.'” 


Considerable attention has been given recently to the effect of corticoids 
upon phagocytosis. This problem has been discussed in connection with the 
activities of the RES particularly the sections on the hemopoietic system 
(cf. page 452) and the blood-count (cf. pp. 420 ff.). There we mentioned that 
the phagocytic power of the RES cells is increased by corticoids and that 
this may lead to destruction of erythrocytes with a corresponding hemochrom- 
atosis of sessile phagocytes, e-g., in the spleen and liver. Such damage to red 
cells, with their consequent ingestion by phagocytes, may play an important 
role in the “anemia of infection” and other non-specific anemias and hypo- 


ferremias. 

Let us merely add here that a variety of agents (histamine, adrenaline, bone 
fractures, anaphylactoid shock), in addition to bacterial or sterile abscesses, 
are capable of producing hypoferremia and anemia in the dog. Adrenalectomy 
prevents the drop in plasma-iron caused by mild stress or ACTH. Intra- 


venously administered iron is removed rapidly from the plasma in intact dogs 
: om dogs. “It is postulated that 


given ACTH and more slowly in adr 

the level of plasma-iron is © a othelial. system, 
that the functional activity : ’ 
There is no doubt that 
Phagocytic abili 
ticosterone 
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the capillaries into the surrounding intercellular spaces of ; _ ee a 
especially those of the conne ive ti isse’s st Varloussity i i ; 
sp ea = eal ctive tissue and Disse’s spaces around th tissues, instances. the resulting increase in phagocytic power may help to free the 
ase ce is leads to an increased lymph-flow (c!. lymph, p 487) hepatic organism of particulate substances such as micro-organisms 
the case of very intense reactions it may b cive tone and, j : -es have i i 
<a Sp ae pe aes te “4 oe e to capillary as in Many instances rave been cited to illustrate that the hypophysis-adreno- 
aa - olymp nodes (cf. lymph nodes Mor- cortical system can fect not only systemic resistance to non-specific insults, 
n mil egrees of increase capillary-permeability are readily ace Pp. 456), put also local resistance to topically applied stressors which cause inflamma- 
y the intravenous injection Bt dyer (equ trypan bluc) whichaam Onstrable tion. The effect of mineralo and gluco-corticoids respectively upon the course 
through normal capillary walls, these stain the tissues intensel eb Pass of “topical irritation arthritis” #8 is a clear-cut case in point. Here it depends 
the capillaries become permeable to such substances (e.g.. duniha Hea when largely upon the efficacy of defensive corticoid production whether the local 
In certain experiments on guinea-pigs the rate of disappaaia ‘ ARE irritant will cause disease or will be removed with impunity. If under the 
venously injected Evans blue was not Beiilessted. by anoxialle ie a intra- influence of gluco-corticoids, the connective tissue cells around joints can 
exposure was perhaps too short to produce marked systemic atu ere the become “indifferent” to such agents as formalin or mustard, it is highly prob- 
: ' able that their response to other inflammation-producing agents (e.g., microbes) 
+ influenced by such hormones. Thus, in many instances, 


would be similarly 
the appropriate pr 
introduction of irti 


oduction of cortical hormones can determine whether the 
tants into the body will cause disease. 


On this general rationale ACTH has been given to a patient with beryllium 
striking improvement was noted in this disease, which does not 


regress spontaneously and does not respond to any other type of treatment.’? 
Two cases of acute peritonitis, one associated with perforated duodenal 


In areas directly e: : 
amneetia veee deen ih gent Co ea carbon-are-irradiation, 
f : ’ , . crease in capillary per- 
meability is particularly pronounced; however, if such local dama es 
grave systemic stress and a severe A-R, the capillary permeability eae 
even in distant regions. The enhanced permeability of capillaries andoatial 
plays an important role in various inflammatory reactions, the foninatiel ‘i 
edema, and especially the diapedesis of formed blood-elements. The capilleae 
may allegedly also become selectively permeable to cells or to fluids of cartel ulcer, have been reported to have occurred during ACTH treatment. Some of 
protein-concentration. This may partly account for the formation of edema, the characteristic signs and symptoms of peritonitis (fever, abdominal rigidity) 
transudates and exudates of different cellular and chemical composition.’ We were absent, thus rendering diagnosis difficult.?° 
do not know what factors are responsible for such specific changes in permeab- The integration of systemic defense-reactions an 
ility, nor can we assess the possible interrelations between the intense, local is perhaps one of the most promising and hitherto least carefully investiga 
meets in Saeeet permeability at the site of a direct trauma and the much aspects of the G-A-S concept. 
patio pepe ne similar, response of distant capillary terti- Summary. — Inflammation, with the accompanying changes in phagocytic 
al similarity between these local and systemic reactions power and capillary permeability, are largely dependent upon the systemic 
gives further support to the view that most of the principal manifestations of defense phenomena of the G-A-S. Gluco-corticoids prove highly effective 
a in inflammatory foci as well as the 


the A-R merely represent systemic counterparts of such simple, local nom in combatting an excessive fibroplasi 


specific reactions as capillary leakage, edema, inflammation and necrobiosis.! , spreading of extraneous waterials introduce 4 into the organism. 
e in capillary of selective permeability in capillary regions affected by direct (locally applied) 


As previously mentioned in other connections the increas by 
permeability caused by stress largely prevented by adreno-cortical extracts or systemic stress is likewise inhibited by gluco-corticoids. 
or ACTH." The spreading of intradermally injected dyes is accelerated by It largely depends upon systemic defense reactions, and particularly upon 

the production of corticoids, whether the introduction of foreign irritating 


granulomatosis; 


d local responses to injury 


ted 


adrenalectomy and inhibited by cortisone'™* or procedures which cause 7 ; 
ACTH discharge, e.g-, adrenaline injection'”” (c.f. also: Hyaluronidase, ie materials into the body will lead to excessive inflammatory reactions and hence 
248 ff.). : to disease. 
Inflammation as a disease of adaptation. — In the preceding a He 
an 


emphasized certain fundamental similarities between inflammation 
A-R. Tn many respects, the A-R may be looked upon as 
organism as a whole. In both instances the reaction is 
defense, characterized by a decrease in the selective perme 
(particularly capillaries) with leakage of chemical (and 
blood-constituents into the intercellular spaces. While in circum 
matory foci, phagocytic elements tend to accumulate locally, i9 
is a corresponding activation of the R.E.S. throughout the boo 


ability of men a 
later even © 
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SEROLOGIC REACTIONS 


Numerous observations suggest that systemic stress can influ 
defense reactions. Some pertinent data have already been dis ee 
nection with the changes in blood-y-globulins (p. 165 ff.) ane bes Come 
: & hemo- 


poietic system (cf. spleen, R.E.S., lymph, p. 452). Serologi F 
presumably manufactured from blood-proteins or senive sci a ie 
phatic and reticulo-endothelial elements, perhaps Deainly. ‘ha , pes 
hence some overlapping with previously discussed data is neve pe 
ever, here, we shall deal mainly with observations concernin h i 
aspects of the problem. ee 
Experiments i 
oe, = her ve man suggest that aie formation of certain 
p y agglutinins and hemolysines, is accelerated b 
ultraviolet-irradiation of sufficient intensity to produce an A-R? Obserel re 
on dogs led to the conclusion that the opsonin-titer of the blood rises ae 
peptone, histamine and spinal shock, but is not changed during traumatic or 
anaphylactic shock.* This would suggest a certain specificity of this response 
but the duration and intensity of treatment may not have been quite comparable 
in the animals exposed to diverse damaging agents. Other investigations, on 
dogs submitted to severe trauma, revealed ‘“‘a constant diminution of the com- 
plement fixation, phagocytic and bactericidal properties’ of the blood, which 
was not manifest if the animals were partially protected against the stress- 
effect of the trauma by general anesthesia.* A systematic review of the pet- 
tinent literature and some personal observations led to the conclusion that 
mild surgical trauma, treatment with foreign proteins and x-irradiation, usually 
increase the bactericidal power of the blood, but the response is often biphasic 
and very severe injury may actually reverse it.© Significantly, recent obsef 
vations have shown that “the destruction of lymphocytes, which accompanies 


the A-R caused by x-irradiation of the posterior limbs, is not conducive to an 
ments W! 


simultaneous increase in circulating antibodies”.®* Additional experi 
be required to determine to what extent such immune reactions are dependent 
upon conditioning factors. 

cardio- 


hyalinosis (cf. care” 
t that auto-antibodies 
he development ° 
a cadace 


In connection with the development of cardiovascular 
vascular system, p. 543) we mentioned data which sugges 
against certain tissues (e.g., kidney, heart) may lead to t 
the rheumatic-allergic type of lesions. Thus, anti-kidney Set 
nephrosclerosis and their ability to do so appears to be increase g 
them in vitro with dead hemolytic streptococci. f such 
iments, the pathogenesis of acute rheumatic 
to an influence of streptococci (or their toxins) upon certain 
thus transformed into antigens.® Although these observatio: 
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uniformly confirmed, they would deserve further study since they suggest 
interesting new possibilities. ’ - : 
The renal lesions produced by various drugs such as the sulfonamides are 
likewise often accompanied by cardiovascular manifestations of hyalinosis; 
they have been interpreted as a special type of “renal allergy’.’ It remains to 
nt this hyalinosis is elicited through the hypophysis-adrenal 


be seen to what ext 
ae through a direct effect upon a lower link of the G-A-S mechanism, 


eg., the kidney. 
In view of the 1 

that most investigat 

antibody formation. 


narked lympholytic effect of alarming stimuli, it is interesting 
ors consider lymphoid elements to be the main site of 
It was found, for instance, that after destruction of all 
lymphoid tissues by intense x-irradiation ® or nitrogen mustards,® antibody- 
formation is greatly diminished. Damage to the bone-marrow probably does 
not play a very important réle in this inhibition. If the lymphoid tissue is 
d by repeated small doses of soft x-rays which produce no detectable 


destroye 
change in the bone-marrow, antibody-production is nevertheless diminished. 
Furthermore, in rabbits whose lymphoid system had been stimulated by dry 


f immune-substances is augmented.” 

If, following a first sensitizing injection of horse serum, the lymphoid 
system of guinea-pigs is kept in an atrophic condition (G-A-S ?) by x-irradia- 
tion, they develop no anaphylactic manifestations upon receiving a second 
injection of this same serum. In these animals, the antigen remains free in the 
circulation as long as the x-ray treatment is continued! These and many other 
observations suggest that the lymphocyte is responsible for the antibody 


formation.” 

On the other hand recent observations on the regional lymph-nodes of 
rabbits injected with typhoid vaccine suggest that antibody formation parallels 
the development of plasma cells and hence was ascribed to an activity of the 
latter... Certain anatomo-pathologic observations give support to this view."* 

In guinea-pigs sensitized to egg-white, an A-R elicited by formaldehyde, 
cold or muscular exercise 18 to 24 hours before re-injection with the antigen, 


also diminishes or abolishes the manifestations of anaphylaxis. However, 
if the A-R is very intense, and given without permitting a period of recovery 
before the re-injection, it actually aggravates the anaphylactic shock.® The 
prevention of anaphylactic shock in the guinea-pig by such stressor agents 
as papain,'** formalin,!®” atropin 18e or x-rays" may likewise be due to the 


production of an A-R. 
Perhaps certain types of food allergy 


of the G-A-S mechanism. + the | 
serum (which normally q 

an A-R produced by ' 
intestinal mucosa of the 


heat, the production 0 


could also be explained on the basis 
oral administration of horse 

1 : allergenic during 
gastro- 
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injection of the same serum may precipitate a severe anaphylacti 
was concluded that “the alarm-reaction permits the sensi ain 
animals by the oral administration of normal horse serum".16 ig. 


Serum sickness has long been regarded as due to abnormal adapt; 
tions.17 Experimental investigations revealed that the destructj acaptive reac. 
forming lymphoid cells during the A-R (e.g., produced by cone antibod ‘ 
to prevent the development of this and other allergic comm ‘cine) tends 
allegedly, even the familiar antirheumatic effect of eaiicylates iste ae Indeed, 
through this mechanism.!® Perhaps the inhibition of Seruri shoaeata mediated 
by yohimbine is also a related phenomenon.'** in the dog, 


Pirquet’s reaction is based upon the fact that in tuberculous subj 
local inflammatory response to a cutaneous tuberculin inoculation ee oe 
nounced than in normals. This response is diminished by such ‘ail ee 
therapeutic agents’ as parenteral administration of milk or forei . ee 
well as by intercurrent systemic infections (e.g., scarlet fever a on iy 
Although systemic stress in itself has an inhibitory effect, the inhibitia 
particularly pronounced whenever there are exanthemas. Even ulteanonl 
irradiation of the skin, or previous local intracutaneous adminis eam 
irritative substances diminish this response. “Tt is assumed that in the ie 
and in the blood there is an active substance which directs inflammatory ee 
cesses and is essential for their development. A diminution or utilization of 
this substance by preceding inflammation explains the decrease or abolition of 
an inflammatory response to a subsequent irritant of equal intensity. The 
absence of a positive tuberculin reaction after exanthemas and other diseases 
causing extensive inflammatory responses in organs other than the skin appears 
to be thus explained’.1® This rather original interpretation certainly deserves 
further study. In our experiments with the “topical irritation arthritis” we often 
noted that a second injection into a joint previously treated with an irritant 
causes a less pronounced response, but it is difficult to prove whether this is 
due to the utilization of some hypothetical “inflammation substance”. If the 
above theory is correct, the systemic antiphlogistic action of cortisone may well 
be due to the utilization or discharge (consequent tissue to catabolism ?) of 
the substance(s) necessary for the normal development of an inflammation. 
The extensive “anaphylactoid” edema of the nose, tongue, and paws 
which is elicited in rats by parenteral administration of egg-white can be 
completely inhibited by a variety of alarming stimuli (e.g-, formaldehyde, 
muscular exercise, exposure to cold) 2° as well as by antihistaminics.” ™ 
all these experiments, it has been assumed that the A-R exerts a protective 
influence in the sense of a so-called “crossed resistance’. The exa' 
anism through which this defensive effect is mediated has not yet been elt 
cidated, as we shall see, it appears to depend largely upon a defensive Pf! 
duction of adrenal hormones. 
In a study concerning the mechanism of the Shwartzman phenomeno® 
(cf. Glossary p. 45), advantage was taken of the fact that x-irradiatio® 
benzol and nitrogen-mustards are notoriously active in destroying te we 


© shock. jy 
of healthy 
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2 and place the R.E.S. under strain.” Interestingly in rabbits, 

Shwartzman phenomenon, produced by meningococcus-endotoxin, can be 
completely suppressed by pretreatment with nitrogen-mustards or benzol and 
sometimes also by x-irradiation. “It is suggested that this study provides an 
experimental basis for a new therapeutic concept in the treatment of diseases 
involving tissue and vascular reactivity” ... “This concept would be directed 
toward suppressing the ability of the vascular endothelium to react adversely 
to whatever circulating toxin might be the inciting agent. A group of these 
diseases would include acute rheumatic fever, acute, sub-acute and chronic 
disseminated lupus erythematosus, periarteritis nodosa, generalized vascular 
diseases due to hypersensitivity-reactions to drugs, sera or vaccines and 
probably dermatomyositis, rheumatoid arthritis and acute and sub-acute glomer- 


ulonephritis’’.”* 


For further pertinent 
resistance to allergic an 
“Resistance”, p- 53 ff. 


2 
oietic organs 


data concerning the influence of the G-A-S upon the 
d other hyperergic responses, see also the section on 


Stimuli Influencing Serologic Responses During the G-A-S 


Hypophysis. — There is much to suggest that the hypophysis, through 
the adrenal cortex, exerts an important regulating influence upon serological 
responses. Much of the relevant evidence was derived from a study of the 
” This, it will be recalled, is the enhancement of anti- 
body-titer which occurs following the injection of a variety of substances other 
than the original antigen. It has been shown that those same alarming stimuli, 
which are effective in causing lympholysis, raise the antibody-titer of the blood 
of previously immunized animals while the disintegrating lymphocytes are 
absorbed.2® ACTH, which induces a similar lympholysis, also elicits an 
intense anamnestic response in previously immunized rabbits and mice, but 
only in the presence of the adrenals; hence, both these reactions (lympholysis 
and the anamnestic response) were assumed to be caused by corticoids.*® In 
more recent pertinent observations on man, staphylococcal toxoid was chosen 
as an immunizing agent, because the estimation of antihemolysin is not time- 
taking and can be carried to a finer end-point than titrations involving agglutin- 
ation. However here, as large a dose as 400 mg. of ACTH failed to raise the 
circulating antibody-level.** Similarly, in rabbits previously immunized with 
crystalline ovalbumin, a fall in circulating lymphocytes produced by ACTH 
or x-rays resulted in no change of blood-antibody content following treatment 


with this antigen.”* 

Among men vaccinated with pneumo 
produced as promptly and in as high 
cortisone, as in controls. However, th dene duc 
mococcus polysaccharide (Franci Ng 
during treatment. The y-globt 


coccal polysaccharides “antibody was 
titer in patients receiving ACTH or 
j uced sensitivity of pneu- 
patients 


or 
Of 


een aa OE OIF 


756 SEROLOGIC RESPONSES 


STIMULI 737. 


< 


tisone treated individuals even though specific antibody 


aga 
coccus was increasing at the same time’’.*** The diminished aia Pneumo. 
of these patients is probably just another manifestation of the “indiffen tiity 
the cells” to injurious agents after ACTH or gluco-corticoid wae erence of 
reminiscent of that exhibited in the “topical irritation arthritis” test 2h it is 
one more observation showing that the gluco-corticoids do not aa his ig 
pathogens of diseases but merely render them non-pathogenic, Upon the 


In patients with rheumatoid arthritis or scleroderma ACTH req 
; : oa uced th 

complement titer as well as the blood y-globulin and fibrinogen concentratj ; 
Curiously in lupus erythematosus, where the complement titer tends on 
subnormal, it is elevated during effective ACTH treatment. Pertinent pe : 
tigations led to the suggestion “that the effect of ACTH upon valour 
is probably mediated through the depressant effect of these drugs upon ia 
lymphoid tissues of the body. The changes in the fibrinogen are to be direct} 
related only to the degree of disease activity. The mild depressant effect of 
ACTH upon serum complement is modified in lupus erythematosus by the 
fact that this is a disease apparently associated with some other specific 
mechanism for reducing complement activity. It would appear that ACTH 
also depresses this mechanism”’.?°° 

The clinical manifestations of the “anaphylactoid edema’’ of rats treated 
with egg-white can be completely inhibited by ACTH.”° 

Somewhat unexpectedly, it has been found that pretreatment with ACTH 
does not influence the course of anaphylactic shock in the guinea-pig.” 
However, this conclusion was based upon experiments in which the hormone 
was administered six to eight hours prior to the shocking dose of the antigen; 
by this time the peak of the ACTH response had passed. Preliminary experi- 
ments suggest that if the hormone is administered one hour prior to the 
shocking dose, the anaphylactic shock is greatly diminished or inhibited.” 

ACTH administration to patients who previously showed a positive tuber- 
culin reaction makes them non-responsive in this respect.*®° Using hyper 
sensitivity to tuberculin in guinea-pigs, as an example of “bacterial allergy » 
it was found that ACTH, or cortisone, exert a pronounced immediate anti- 
allergic effect, but after discontinuation of the treatment these animals became 
actually more sensitive than the controls (thyroxine exerted opposite effects). 


: - , he 
ACTH given just before the provocative injection also suppresses ‘ id edema in the rat. — A and C, Head and paws of an 
Shwartzman phenomenon in the rabbit.2% Effect of ACTH upon anaphylactoi hite. Note marked edema and hyperemia) of the ie 
i d_ release tiipretrented| rat, injected Waa alam ACTH just prior to treatment with egg-white. . Note 
The above-mentioned observations show that the formation iene sue ies and Bete, B. ane D. Leer racers (After Selye B39703/49.) 
of antibodies is not consistently influenced by ACTH; this is perha e complete absence of the an 
There f. p. 309 ff.). 
i i i i ators. F F i se reactions (cf. p. 
aps a - a <a ag age Lie or anifestations sible participation of these glands Ee seolet dea ee inns 
no doubt, however, that can inhi nr é we adr ( y ody P otein 
of allergic-anaphylactic responses at the level of the peripheral “shock or9%1 ,¢ ers «alee the blood-globulins (cf. p. 173 ff) 
Perhaps here — as in the case of the “topical irritation arthritis pertinent serologic data have been mentioned in the j 4 


peripheral cells become indifferent to the antigen-antibody reaction. ate to which the reader is referred to avoid unnecessa 
Adrenals. — The pronounced adrenal changes which occur in wer Several reports in the early literatur 
of most infectious diseases, inspired many investigations concernin while cortical extracts enhance 


28a Mirick B47891 /50. 29bSelye 35935/ND. aa wer 
sbSelye B39702/49. oe Tompsett etal. B47903/30, Peibest andide 
28¢ Vaughan et al. B47904/50. 20dLong and Miles B47313/90- is 


29 Selye B39703/49. 


20 1. B4 
2%8Leger et al. B39369/48, ¢ Soffer et al 
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concerning this point yielded controversial results.*' In on . 
iment on adrenalectomized cats maintained on DCA 3 Pertinent expe 
administration of washed sheep erythrocytes still resulted in a noted that 
€ Normal 
Pro- 


duction of circulating immune bodies and upon reinjectio 
responded with the usual anaphylactic reaction. It \ 1s conte these animals 
adrenal cortical hormones do not either affect the cap oncluded “that the 


% i icity of ; 
form immune bodies when exposed to antigens nor alter noe animals to 
F iter of sy 
ch 


immunity when it is established’’.®* Although most investigat f 

mineralo-corticoids are inactive as regards serologic r poten that 
must still be envisaged that DCA may have helped these adr Le 
cats to develop a normal anaphylactic response. enalectomized 


In another study it was found that “adrenalectomized rabbits wi 
trophy of the lymphoid tissues, produce antibodies in amounts ‘a hyper- 
of that produced by intact animals.” “the prevention of ihe cr mie] 
hypertrophy by administration of adrenal cortical hormones doe . ee 
amount of antibodies in the sera’’.** S not eee 


It will be recalled that adrenalectomy greatly increases the itivi 
the rat to the anaphylactoid “egg-white edema’, however, he ee 
anaph : , here both corticoids,* 
and adrenaline ®° increase resistance towards normalcy. This, of course ji 
only one of the many actions of gluco-corticoids which adrenergic none 
share to some extent. (Cf. also effects upon glycemia, blood-pressure muscular 
work, etc.) Adrenalectomy allegedly tends to prevent the “andimueate reac- 
tion’, yet unlike most of the alarming stimuli, heavy x-irradiation causes a 
marked “anamnestic response’ even in the absence of the adrenals.*® In this 
connection it has been emphasized that the adrenal regulates only the rate of 
these reactions and that the adrenalectomized animal continues to produce 
antibody.37 Let us add that adrenalectomy inhibits and cortical extracts 
increase the tormation of hemolysin against sheep erythrocytes in the mouse 
and rat.97 


It has been clearly shown that adrenaline prevents the development of an 
anaphylactoid “egg-white edema’ in the rat and since an A-R produced by 
any means also exerts a similar protective action ** it was concluded that 

observations of a protective effect of alarming stimuli might be interpreted as 4 
result of release of epinephrine from the adrenal medulla’’.2® While adrenergic 
substances undoubtedly protect against this (and many other) allergic phenom: 
ena, pure corticoids share this effect; hence there is no reason to doubt that 
both types of hormones can participate in the anti-allergic effect of the A-B 

As regards the effect of corticoids upon the concentration of circulatin? 
antibodies, the published data are very contradictory. It has been clang 
that adrenal-cortical extract stimulates the production, oF at least the releas? 
into the blood, of antibodies in animals which had previou 
antigen.*® Furthermore, allegedly, ACTH or exposure to Vv 


- Valentine et al. B33082/48. pat , 
2 Houghton et al. B40870/47. 
** Murphy and Sturm B4336/47. 


"Rober and White B47235/ 50. 
38 Selye 38798/37. - 
29 Clark and 2 


8 Léger B25569/48, Selye 38798/37 au ; 
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lies into the blood only in intact, not in adrenalectomized 


stimuli releases antibo 
anima st , : 
In cold-blooded species the release of antibodies into the circulation is 
inhibited during exposure to low temperatures. Allegedly, cortical extract 
lease of serum agglutinins in the frog and fish even while they 


can cause 2 releas’ 
are kept in the cold 


jmmunization itself 
Other investigators w&re unable to raise the blood-antibody titer by cortical 


extracts (or to diminish it by adrenalectomy) in mammals.** Yet, in one 
experimental series, there waS a slight elevation of serum-antibody-nitrogen 
shortly after cortical extract injection in rabbits previously immunized with 
pneumococcus Type J. It was concluded “‘that increased adrenal cortical 
activity may exert a transitory influence upon the distribution of pre-existing 
antibodies’, although it is not indispensable for such release (since this still 
occurs after adrenalectomy) and, in any case, the effect is small and transitory.** 
Mice receiving large doses of cortisone appear to have lost their resistance 
to infection (with corynebacterium pseudotuberculosis murium); this was 
attributed to the disappearance of lymphocytes and their contained antibodies.*** 
It will be remembered, however, that even latent infections in rats tend to be 
aggravated as a result of cortisone overdosage, so that septicemias with 
pulmonary, renal and hepatic abscesses may ensue. A diminution of circulating 
antibody may be involved in this loss of resistance when cortisone overdosage 
is severe, but the possibility must also be considered that normally latent foci 
of micro-organisms deve 


lop excessively when fibroblastic encapsulation is 
inhibited through the gluco-corticoid effect. 


Certain observations with DCA suggested that guinea-pigs can be protected 
against anaphylactic shock (and somewhat less evidently against histamine) 
by this mineralo-corticoid.*® In rabbits, allegedly small doses of DCA increase, 
while large doses diminish, the production of agglutinines against typhoid 
bacillit® On the other hand, DCA proved ineffective in preventing the ana- 
phylactoid response of the rat to parenteral egg-white administration (and 
indeed tended to aggravate it) while cortisone exhibited a pronounced pro- 
tective effect.*” 

In summary, the pertinent literature and particula 
observations, lead us to assume that perhaps certain stimuli (e.g. the specific 
antigens themselves and x-rays) can liberate antigen from the lymphoid tissues, 
even in the absence of the adrenal, but that under suitable conditions. cor- 
ticoids can do this even in non-toxic concentrations. Perhaps the A-R helps 
from lymphoid tissues through the hypo- 


though the extracts have no effect upon the process of 


rly the above-mentioned 


to discharge the stored antibodies 4 
physis-adrenal mechanism, while pe gents (e-9-. aaraye) do 
so even in the absence of the aubtedly, ois aa 


sesses specific means to P 
response to their particular 
sess a dir 


would a 


760 SEROLOGIC DISEASES OF ADAPTATION 


lymphoid tissue), while specific serologic stimuli could cause dua 
corresponding antibodies through a more selective action ~ SESE Of the 
Gluco-corticoids probably play an even more important part in 1 
’ aller 


diminishing the sensitivity of the shock-organ to the local 
antigen-antibody reaction. 

For further pertinent data, the reader is referred to the sections 
the role of the adrenals in the resistance of animals (against bactera| aa 
sera and infections) and formation of blood-globulins (the fra mi toxins, 
presumably contains the antibodies). cton which 

Other Endocrines. — In connection with the influence of hormonal stimulj 
upon serologic responses during the G-A-S, the phenomenon of “endocr; : 
allergy” should also be mentioned. This term was used to designate side 
festations of the condition of hypersensitivity to the endogenous peoslveneen 
the endocrine glands.” Usually, allergy is elicited by substances fonda 
the body; it is noteworthy, therefore, that allegedly typical allergic tence 
can arise from endogenous hormones and hormone-metabolites. In man, such 
hormonal allergy can be detected by skin-tests in which hormones are injected 
in ail solution into the epidermis. Desensitization with the “allergenic hormone” 
or elimination of the latter from the body, by inhibition of its formation (eg., 
inhibition of gonadotrophin-production with folliculoids), is claimed to exert 
a curative effect.4® This phenomenon: has not yet been extensively studied. 
It is obvious, however, that should allergy occur to the hormones produced 
for defense, this would greatly alter the course of the G-A-S. 

In rabbits immunized to typhoid antigen, allegedly, small doses of testoster- 
one, progesterone, or folliculoids increase, while large doses of these same 
hormones diminish the production of agglutinines. Under the same conditions 
thyroxine invariably inhibited agglutinine formation.*® 


Stress-effect a nd 


Serologic Diseases of Adaptation 


The experimental observations discussed in the preceding pages indlagy 
that adrenal hormones (both corticoid and adrenergic) play an important ne 
in the development of allergic-anaphylactic manifestations. Indeed it ne 
to depend largely upon the efficacy of defensive adrenal hormone prea ws 
whether a potential allergen will cause disease or whether the cells will toler@ 
its presence with impunity. 

Many clinical qe ie could be cited in support of the view iam 


diet . ‘ : to the so-c 
ergic-anaphylactic manifestations are closely related ard as diseases 


“collagen disease’ family °' and depends upon an allergic reaction’ 
allergic factor is also manifest in the pathogenesis © 
diseases; *? that ‘‘allergic hyperglobulinosis” is the basis of aa 
Letterer-Siwe’s disease, lupus erythematosus and amyloidosis ° oe 


48 Zondek 


and Bromberg 99158/47, 99159/47. 
49 Caniggia and Bolognini B45064/49. 
50 Arthus 99345/21. 

Urbach and Gottlieb B2133/46.. 


Selye B1204/: 
51 Klemperer B3: 
52 Alpern Bo 
58 Teilum B38105. 


‘cal alarming agent as emotional stress can precipitate allergic responses 
Lae ed indi juals.°* It has been emphasized that hyalin necrosis and 
in predispos’ mation is one of the most characteristic morphologic features ; 
eases a id that the structural changes which we observed in the { 
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various types of experimental hyalinosis closely 
allergic syndromes. 


On the basis of clinical studies the hypothesis ha en 
“ ical ee ane presented furth 
more that ‘physical or intrinsic allergy seems to be rversion of er. 
physiologic reaction, the ‘alarm reaction’ of Selye’’."® This interpeeeaaeell 
been extended in particular to the effects of physical allergy upar em ation has 
and throat.** Certain types of asthma have similarly b: far, nose 


ment of the G-A-S.°§ © ascribed to a derail. 


Further support for this interpretation is derived 
corticoid therapy in various types of clinical allergy 
typhoid fever, adreno-cortical extracts allegedly raise ihe agglutinine cont 
of the serum; DCA is much less effective, but allegedly not quite ineraat a 
patients with various allergies, some beneficial results have also been claioee 
to result from DCA therapy, but the effects were rarely very striking. On 
the other hand, in exfoliative dermatitis due to iodine, in giant urticaria and in a 
“serum disease type’ of sensitivity to penicillin, ACTH proved extremely 
effective.** Highly favorable results have also been obtained in hay fever ® 
and gastrointestinal allergy,"4 with this hormone. We have already mentioned 
the fact that ACTH and cortisone produces remissions in a number of other 
allergic and allied conditions such as: asthma, Léffler’s syndrome, periarteritis 
nodosa, lupus erythematosus, certain types of vasomotor rhinitis, nasal polyps, 
rheumatic iritis and iridocyclitis. (Cf. each of these diseases and p. 69.) 


nble those of clinical 


from the efficacy of 
In patients With 


Theories and Summary of Observations Concerning 
the Participation of Serologic Responses in the G-AS 


The adjacent schematic drawing attempts to visualize the rdle of the G-A-S 
in serologic and other allergic responses. 

Treatment with an antigen stimulates the R.E.S. (especially plasma cells) 
to produce specific antibodies against the eliciting antigen. The interaction 
between the antigen and the antibody irritates the cells of the “shock ona 
and results in lesions frequently characterized by a hyalinosis similar to ta 
produced by mineralo-corticoids or R.P.S. 

The antigen itself is rarely toxic and hence usually causes 
manifestations of the G-A-S. However, the interaction of antigen 4 
results in highly toxic products which directly or indirectly (thneiee 
systemic damage that they produce), stimulate the AGI foo ortico- 
hypophysis. Presumably, under normal conditions, both minera yaar me 
trophic (M-CT) and the gluco-corticotrophic (G-CT) stimuli a 
adrenals proportionately and the adaptive response is adequa 
the damage of the antigen-antibody reaction. However, if t 
response is too violent or if G-CT production lags behind, serious 


no marked 
nd antibody 
h the 
the 
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anaphylactic reactions may ! 
Produced under the inf 
formation of antibodie 
it is 1 mak e 
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only, in the form of an “anamnestic reaction’, in i; ; 
. in individuals w 


previously been treated with certain antigens. hich } 
. . . ad 
' ae aap of antibody formation by gluco-corticoids j 
ul adaptive phenomenon sin i i te 
p ince it helps specific resistance doubt a use. 


eric certain conditions, it may be harmful as oxen iin antigens. 
ilments of serologic adaptive reactions as anaphylaxis xemplified by such 
Here the interaction between antibody and antigen ‘i “1S OF serum sicknes 
its very efficacy becomes the cause of disease or Geath, curs ‘$0 eee oF 


Fortunately gluco-corticoids also have another effect, whi F 
ee pO oe complications. They render the Bhock a ee the 
4 applied irritants and thus exert a protective - i indifferent to 
anaphylactic-allergic response of these organs. As . nea against the 
ne, excessive allergic esponll i) 
et : ‘ e anti ody-antigens interaction is otherwise norm 1 ae 
s for the great sensitivity of adrenalectomized animals to aac his 
axis 


although the serologic phenomena are ggera ec e 
not exa erat 1 i 
in the abs nce of the 


Another type of deran 
gement may result in th i i 
as a consequence of excessive Se dacion = ae or. 
: ; — at least int 
i Aa bere Ang onde to the amount of gluco-corticoids mee 
recalle at mineralo-corticoids cause histologi 
a P ogic changes of the 
gna ot ees type with marked hyalinosis in a variety of ona even 
one a aoe allergens, presumably through increased R.P.S. production 
po loco oe detoxification ) by the kidney, but perhaps to some extent 
san result of a direct action. In any case, the (direct or indirect) hyalinosis- 
rere ing ae of mineralo-corticoids are not specifically limited to any one 
s organ; they manifest themselves in the syndrome of widespread diffuse 
hyalin disease’. 


ps Jer) seppeniees the observed facts would suggest that gluco-corticoids 
bodi vi y-globulins available; these can be transformed into specific anti- 
odies only under the influence of specific antigens. Without the latter, sue 
antibodies (or their precursors) could not acquire any specific organotropis 
orientation. 

According to this interpretation the gluco-corticoids would mit 
response of shock organs to allergenic stimuli in the same way a6 they compa, 
the damage caused by rheumatoid or gouty arthritis, topical adm inistrs 
irritants (formaldehyde, mustard), etc. Conversely, mineralo-corticoies 
the R.P.S. produced under their influence) increase the responsiveness F 
various target organs to allergenic stimuli. The degree of target-org 
ity would then largely depend upon the balance between gluco- an 
corticoid hormones. 


atl: seg allergy-like hyalinosis caused by the mr 
eee ae ed by gluco-corticoids. Thus the responsiveness 
= ole to a great variety of stimuli is also largely 
alance between gluco- and mineralo-corticoids. It 
siderations, it is understandable that even the actio 
produce demonstrable antibodies, for instance dr 
ical insults (physical allergy) and emotional stres 
are largely dependent upon the G-A-S mechani: 


igate the 
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atients the response to various stressors is channeled into a set reaction pattern 
and tends to affect certain shock organs which, in a particular patient, repre- 
gent a weak point. ven in the absence of any true antibody formation, allergy- 
jike responses can thus occur in this “shock organ” if gluco-corticoid production 
is subnormal or mine! ilo-corticoid formation excessive. In other words, in the 
case of serologic reactions the antigen itself is organotropic, while with allergy- 
like selective responses to systemic stressors, the organ specificity of the 
response depends upon conditioning of the target. 


These theoretical considerations agree with the fact that hypophysectomy, 
adrenalectomy or mineralo-corticoid overdosage increase sensitivity to allergic 
reactions and hyalinoses, while gluco-corticoids act inversely. 

Adrenergic hormones also exert many anti-allergic actions. These are not 
represented in our drawing, because their mechanism of action is not sufficiently 
understood. 

Non-specific therapy by systemic stressors (e.g, parenteral milk or foreign 
serum therapy) is largely due to increased gluco-corticoid production, with a 
resulting desensitization of the target organs to the allergenic stimulus. This 
would also be the basis of many so-called “crossed resistance phenomena” (cf. 
pp- 55, 106) which are not strictly speaking allergic in nature. 

The mechanism through which gluco-corticoids diminish the sensitivity of 
cells is not yet known. It is possible, however, that concurrently with their 
catabolic effect, they deprive the cells of certain specific substances (e.g., the 
“inflammation substance” described above) which may be necessary for 
maximal local reactions to stress. 

Derangements of this interaction between the anti 
on the one hand and the G-A-S mechanism on the other, may b 
for certain serologic diseases of adaptation. 
ticular attention to food allergy. anaphylaxis, serum sickness, 
and the Schwartzmann-Sanarelli phenomenon. 


gen-antibody response 
e responsible 


Among these, we have given par- 
Pirquet's reaction, 


WOUND-HEALING AND REGENERATION 


Wound-healing and regeneration are delayed by man 

systemic stress, such as infections, intoxications anx mall a i 
delay, humoral factors undoubtedly play an important _ ae In this 
special attention has been given to hormones, nitrogenous ad ‘ Mong these, 
from protein during the catabolic phase, the hydrogen ion Con viee derived 
blood and tissues, specific enzymes, vitamins and the: esneniel food ne 
actors, 


the so-called ‘“‘proliferation-promoting f id 
g factors” and subst i 
embryos.” substances derived from 


gents Causin 


Traumatic shock decreases mitotic proliferation throug 

undoubtedly adds to the difficulty of repair and wound ‘healing Pe 
of trauma largely depends on the intensity of the resulting stress Ate ‘ ‘ld 
interventions, such as a skin incision made on one side of a body of a hl 
second similar wound made on the other side heals more rapidly than the fel 
The acceleration of healing appears about five days after the initial injury aa 
lasts approximately 6 to 7 weeks. Allegedly, “this course resembles the curve 
of the post-traumatic catabolic phase of protein metabolism.’ The response 
appears to be related to changes in the quality of the wound coagulum and 
fibroplasia, similar to those which occur in the G-A-S.' 


Urethane inhibits fibroplasia and capillary formation in wounds only whea 
it is administered in doses causing severe systemic intoxication. Previous protein 
depletion of the body enables small, otherwise inactive, doses of urethane to 
inhibit fibroplasia and endothelial proliferation in the rat. From this it was 
concluded that the inability of capillaries to proliferate, in the presence of 

mitosis arresting” doses of urethane, may also be the principal mechanism 
through which this drug retards neoplasia.° 

Animal experiments concerning the tensile strength of wounds showed that 
hemorrhage, dehydration and acidosis (induced by administration of ‘NH,Cl) 
delay wound healing. On the other hand, contrary to expectations, antico- 
agulants (e.g., dicumarol) do not influence it, although they delay fibrin- 
formation.® 

It has been stated that slight topical irritation by turpentine, OF chick-embry 


2 ear: ing in 
— is beneficial in that it shortens the latent period of wound-healing ' 
ogs." 


“ i a 
Allegedly some “‘accelerating factor” operates in the healing of second a 
wounds which is lacking in primary wounds. The nature of this face a 


not been determined, but it was considered to be a systemic, rather 
local factor.® 


The humoral changes elicited by the G-A-S undoubtedly affect 
healing and regeneration, yet the hypophysis-adrenal system is see 
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snaispensadle- Hypophysectomy does not seriously interfere with the prolifer- 
i 


tion of fibroblasts and epithelial cells in healing skin-wounds, nor does it 
a 


mpletely prevent the regeneration of kidney or liver tissue after partial 
“lation of these organs.’ From this it has been concluded that although the 
crowth hormone of the anterior-lobe is responsible for the proportionate 
development of the « rganism as a whole, it is not indispensable for local 
regenerative phenomena in various individual organs.° Accordingly, it was 


found that growth-hormone-containing anterior-lobe extracts do not signif- 
icantly affect the time required for the healing of superficial wounds, although 


s of body weight and nitrogen following traumatic 
lla 


they diminish the loss i 
injuries.” ACTH inhibits wound healing and fibroplasia after traumatic 
or chemical 11b injuries. 

Adrenalectomy retards wound-healing. Cortical extracts restore the regen- 
erative powers of the suprarenal-deficient animal towards normal, although 
they do not readily improve the rate of wound-healing beyond the normal 
level? (Cf. liver-regeneration, pp. 716-721.) As judged by the formation 
of granulation-tissue in the walls of turpentine abscesses in rats, adrenal- 
ectomy (oF castration) results in an only slightly inferior fibroblastic response, 
but DCA ‘stimulates fibroblasts and encourages the deposition of a homo- 
geneous, diffuse ground-substance of collagen’’.’® Conversely, cortisone inhibits 
the production of granulation tissue in experimental wounds of rabbits. 
This agrees with the mutually antagonistic actions of DCA and cortisone 
upon the formation of a granuloma in rats with a ‘topical irritation arthritis . 


Testosterone and estradiol inhibited the formation of normal granulation- 
tissue in the walls of turpentine-abscesses in rats; 1° yet under certain conditions 
testosterone allegedly promotes wound-healing and regeneration, at least to 
some extent, thanks to its protein-anabolic effect 17 and perhaps also because 
of an influence upon hyaluronidase activity.’® 

‘nsulin-free pancreatic extract 
suggest that an insu - e Se ae 
in this extract. 


Preliminary experiments 
accelerates the healing of standard areas of denuded s 
not yet been proven that this is due toa specific principle present é 

The diet also exerts a very important effect upon cicatrization. Thus 2 
rats rendered hypoproteinemic by dietary means, the tensile strength ; 
wounds is significantly subnormal. The mere addition of one Sead 
dl-methionine, allegedly helps to accelerate the healing of the bil ‘ i 
these animals, but does not speed healing in normally fed rats. Newer! one 
clinical tests suggested that “q]-methionine” may be worthy of trial in a sii 
unhealed surface wounds in protein-depleted humans. The inhi Cee 
wound-healing due to advanced age U d to be a serious Soa iS 
for surgical interventions in older pat ats, but mo ern surgery has largely 
overcome this obstacle.*° ¥ 
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Summary. — -A-S ex 
after eee It alee ke ae pect upon the repair : 
stress, ACTH and gluco-corticoids hele ‘ble that severe e tissue considered to be inopé rable when the abdominal cavity was opened, quite un- 
while mineralo-corticoids act inversely. The lat sia eae wound-Lete expectedly feqressec cle this surgical intervention.? Would ACTH and 
and we know deplorably little about atten h atter effect is not very aa “allay, cortisont gages : 
ie secemenetire, pores! a an umoral factors which ma Tounced Vesicants cause particularly pronounced catabolic responses similar to ' 
Buna ths aS Geis ; . Y improve those obtained with gluc o-corticoids, hence it is pertinent that nitrogen mustards { 
cabo iets “ile nerative phenomena play an impor inhibit the growth o! transplantable mouse “sarcoma 180”. However, this 
Se te systemic catabolic reaction’, topical ti Tole in com. inhibition can be duplicated by food restriction causing a comparable catabolic 
‘ _ in the interest of homeostasis, it would b issue-destruc. : response: 
€ important to Other toxic drugs, for instance emetin hydrochloride, which cause a shock- 
terally, are allegedly effective in retarding the 


en i : 
hance the regenerative powers at times of stress. Available d 
—— € data sug 
gest 


tha ; ~ ei: 
t (at least under certain conditions) mild alarming stimuli and like condition agen oven Foe 
oa and mineral 
O- 


rowth of carcinomas in man. It was concluded that “the shock treatment as 
psychopathic hospitals, might prove useful 


corticoids have such a benefici ; 
ee ean Pe eine BES know through what administered SO frequently in our 
pared with the old individual appear to be correl Baa of the young as com- for malignancy’ .° Shock-therapy has not given such favorable results in the 
exhaustion of adaptability” or “loss of ada a6 ‘ with phenomenon of hands of most other investigators; nevertheless, these and the other above- 
this relationship is likewise still mysterious. ptation-energy”, but the nature of mentioned observations suggest that the G-A-S mechanism may play a réle in 
combatting neoplasia. The treatment of tumors with bacterial toxins ™* might 
\ also be explained on this basis. 
is delayed or inhibited by 


Since the growth of many types of tumors 


aaa 
caloric restriction, the manifestations of the G 
et known to inhibit neoplastic growth. It was found that 


mice receiving a di 
G-A-S changes as thymus atrophy, adrenal enlargement, 


NEOPLASIA such characteristic 
leucopenia and lymphopenia occur under these conditions and the possible 
relation of these lesions to carcinogenesis has been debated.® 


The relationshi 
p between the G-A-S, or the horm 
; ones produced durin 
: Hypophysectomy oF adrenalectomy do not prevent the growth of exper 


stress, i ; 
to neoplasia has been discussed elsewhere 18 and in other chapters of 

nimals, but may delay it or diminish the number of takes. 
in tissue anabolism and cell 


-A-S have been explored in 


imental tumors in a 


this i ‘ 
Se ae types of tumors). Thus the fact that adrenalectomy 
fo edie at Cara inhibit the development of lymphoid tissues led This has been ascribed to the general decrease In ¢ 
hemopoietic organs). Si GOMEONE in various leukemias and lymphomas (cf. proliferation that occurs in hypophyseal or adrenal insufficiency.” 
. . Similarly, the inhibitory action of gluco-corticoids upon It is especially interesting, however, that a patient with squamous cell 
carcinoma of the lip had prompt relief of sensitiveness, with a marked diminu- 
g ACTH treatment. Biopsy showed 


umor, followin 
lls were still present.* Presumably here the apparent 


creased responsiveness of the connective tissue 
rather than to an actual antitumorigenic effect. 
h carcinoma of the breast, carcinoma of the 
osis fungoides, beneficial effects were noted 


connective-ti , : 
0 oo. pone suggests that these hormones may be valuable 
proliferations ek fibroblast tumors. Non-neoplastic granulomatous 
ahawir to eacok cee — ae joints or in nasal polyps. have already been that the carcinomatous ce 
concerning the long-te AS Be. However, at present, little is known as yet pee was due to the de 
Ge die hissors of hep a) of ACTH or gluco-corticoid treatment, even cells surrounding the tumor, 
ularly sensitive to the ‘ t boll Be eer connective tissue) which are Pare t prenotner sn of patients wit 
is available LADO Ke HGUOD of these hormones; even less information rachea, Ewing's tumour and myc 
as regards their use in tumors of other tissues: only in the latter condition. 
The metabolic and hematologic actions of ACTH likewise do not show 
us patients.*” Yet there 


tion in the size of the t 


In i : : 

a the G-A-S concept, it is of special import that syste agen : 

ho*nenaadt ab rats, prior to transplantation of lymphosarcoma cells, actué y any significant deviation from the normal in cancerous 

sed the number of takes as compared with similar implants in non-itta is some evidence suggesting that patien th gastric cancer have a deranged 
ation 0? adrenocortical function, in that inary uric aci 


creatining ratio and in the wu 
iminished or absent.‘° It mu 


res confirm 
also raised 4 


diate l ; 
ee ro hen somewhat unexpected finding requi 
es, but in mice the incidence of lymphomas was 


eee to ionizing radiations.” dimi 
ccasi sie a : pres ii 
sionally, systemic infections may cause regression of malignant beeiy' ee aa 


Thus in fl 

biopsy ) Meekonca inoperable ovarian psammocarcinoma jC0) 

fever While hex tee following intercurrent in ectio 

Matias e the regression may have been coinciden 
rous pseudomucinous ovarian cystomas and cara 


+ Roussy and Guéri . 
ee Se ee 
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2 n eae pate “sarcoma 37” implants, the “spontan 
oug ing” coulc be increased by adreno-cortical extract pe TeGTession 
not striking. This same extract exerted no demonstrab] oe results = 
strable wi 
e 


of definitely established methylcholanthrene-induced effect upon the 
ec sarcomas,® 


When tumor grafts were minced with adrenal gland ti 
subsequently implanted into susceptible hosts, the Seow b onl and the mixty 
se tp pe er Mea Minced pituitary gland ise phe aancemna 23" 
amen ct: ot er tissue proved inactive. It wa a similar, by, 
: ect of a renal tissue upon the malignant growth a concluded that 
poke action of adrenal tissue on a tumor such as lysis ota be due to 
ante is a = ne influence of the adrenal medulla i Or toa 
ieee ba sa aes ee adrenaline (in the adrenal) and é e blood- 
Late ante ee se local necrosis, even of normal cells, it ; asopressin 
: i-tumorigenic effect was merely the 1 S very prob- 
specific tissue damage under these circumstances result of local non- 


Growth 


Summary. — Various procedures (toxic dru 
gs, malnutriti 
ip je scene oe inhibit anabolism and cellule: geo aaa 
pains ane page ey, e growth of neoplastic tissue. There is no dele 
rar seats ate that the hormones produced during the G-A-S me 
ne shah poe have any true anti-tumorigenic action! es 
eh eee pion fo) neoplasms formed from lymphatic tissue wht 
e to destruction by gluco-corticoids. 


® Diller et al. B41830/48. 10 Lewis et =I B41834/49 
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MALFORMATIONS 


Amon i 
ae hg apcorioanl - women who acquire systemic infections during preg: 
Nien E ce of congenital malformations appears to be significantly 
In thi pant patenst : 
i inc ieee it is interesting that various congenital anomalies have 
eer je in the rat by injection of trypan blue and other toxic agents 
ce faa cok These findings, as well as a detailed survey of the pertinent 
On e so ig the influence of maternal stress upon the development 
Geol ep to the conclusion that the non-specific action of die 
gents can cause malformations i ‘nq? perhaps throug 
he CAO® cceehantom * s in the offspring,” perhaPp 


It remains to be shown whether the hypophysis-adrenal system plays @ 


inj ected 


part in such embryonic malformations. Adreno-cortical extra 
al changes 


a a tees ati of young chick embryos, produces corné 
sf Kantany oconus as seen in clinical pathology. In many cases 
of the viscera ie ee edema, liver negli gastroschis® Me 
Setmtiia + e corneal anomaly was the most constant.* Cort 
in pregnant mice and rats gave less clear-cut Tes 


’ Grocvall ai, Saloons ‘s 
pa and Davies BayeR3/47. — ae ie 2 Hs 
prt tear pas et al. B43976/47. eroy ro 

oewe-Lyon B41801/48. | Dalton et al. AG 
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hy in this connection that hypoglycemia produced by 
embryos frequently results in micromelio. This effect 
:multaneous administration of adreno-cortical extracts." 


It is also notew ort 
insulin in 5-day ch 
ther enhancec by 


js fur 
Summary- — The comparatively frequent occurrence of malformations in 
¢ ‘ A . | 
women who acquire infectious diseases during pregnancy, as well as in : 
various stressors during gestation, suggests that the 


animals exposed to 
G-A-S may be responsible for certain types of congenital anomalies. Over- 


dosage with adren »-cortical extracts causes a variety of malformations, 
especially in chicks, but it has not yet been definitely proven that these are 
the direct results of the corticoids contained in the extracts. Further research 
will be needed to ascertain whether the increased incidence of malformations 
among the offspring of individuals exposed to stress during pregnancy is 
related to the hypophysis-adreno-cortical mechanism. 


| te Om, gh tp a A ly A I A CD at 


re tam 


4 Zwilling B45253/48, B46237/48. 
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ELECTRIC POTENTIAL 


established fact that there are marked differences 
f various organs, between the cells and the inter- 
n between various parts of a single cell. In 
al fluid, blood and connective tissue carry 
atous organs are positively charged. It 
ate in tissues of relative positivity, 


It may be taken as a well 
between the electric charge © 
stitial fluid around them, and eve 
general, it may be said that interstiti 
a negative charge, while parenchym 


will be noted that K, Mg and PO, predomin 
Na, Ca and Cl in structures having a relatively negative charge. As a result 


their low dielectric constant cell-membranes act as insulators. Hence a con- 
siderable difference in the electric potential can develop between paren- 
chymatous organs on the one side and the surrounding interstitial tissue-fluid 


and blood on the other." 
It has been possible to estimate the electric potential 


even of individual cells, by the use of micro-electrodes 
varying electric charges. With the former method one measures the potential 


by connecting a micro-electrode on the one hand with a living cell and on the 
other with an instrument suitable for the measurement of minute amounts of 
static electricity; the latter technique is ed on vital staining of tissues, in 
agreement with Coulomb's law accordi to which bodies of similar electric 
charge repel, while those of opp rable 
work has been done with 
electric potentials of variou 

It is generally agre 
well as their K, i 
damaging | 
allegedly 0 


of different organs, and 
or by dyes which carry 


oy 
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“selective permeability” of cell-membranes, which occ 


ae . . vee urs in 
so-called “‘serous inflammation’’.* Presumably the sa: the course Of th 
) Si e 


‘ S true of 
It is regrettable that in recent years comparatively lew inve = AR. 
“ Sugators h 
ave 


used these techniques. Judged by the scarcity of available d 
this subject, it would appear highly rewarding to exa ata concerniy 


changes in electric potential that are occasioned by th« CAS the GENERAL SUMMARY 
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Summary. — Interstitial fluid, blood and connective 


parenchymatous organs a positive electric charge; thu ” a nee on ee unc me ee ee 

‘ i » thus a dilterence j By min uite unrelated observations into a sin ifi i i 

potential exists between them. The structures carrying a nega ans electric of seeming'y 4 PALIS neigh Pelee ae 
ex arge are 


In the historic introduction to this book (cf. pp. 2 ff.) we mentioned, among 
other things, the work of Claude Bernard, who showed how important it is to 
maintain the constancy of the “milieu intérieur”, Cannon's concept of “homeos- 
tasis’. Frank Hartmann’s “general tissue hormone” theory of the corticoids, 
Dustin’s observations on the “‘caryoclastic poisons’’, the post-operative disease”, 

; the curative action of fever, foreign proteins, and of other “non-specific thera- 
peutic agents , the “nephrotoxic sera” of Masugi and the “Goldblatt clamp” 
for the producion of experimenal renal hypertension. 


usually rich in Na, Ca and Cl, while those with a positive c ; 

K, Mg and PO,. Cells with a positive charge A to lage wee ae 
of stressors and at the same time, release their K, Mg and PO,. Thi ae 
reputedly a fundamental factor of the derangement in meniaae Se 
characteristic of “serous inflammation” and the A-R. pene 


ee a 
At first sight, it would seem that all these observations have little in 


common and that there is no reason to attempt their integration into a unified 
system of physiologic and pathologic events. Yet, this book — and indeed 
most of the author's research work — has been devoted to the construction 
of bridges between these and many additional facts, since they were thought 
to be interconnected in Nature. Through the comprehension of their unity, 


Up to the month of May, nineteen hundred and fifty, this is all I have learned, 


that deserves to be recounted, about the General-Adaptation-Syndrome and 
the Diseases of Adaptation. 


I rather suspect there will be much more to tell next year — and the year after we hoped to learn how to use them better for the understanding of life and 
that; while part of what I think I know I shall believe no longer. the treatment of disease. 

I so, you will hear from me again. for I shall always enjoy contemplating The keynote of this unification was the tenet that all living organisms can 
this subject. respond to stress as such and that, in this respect, the basic reaction pattern is 


always the same, irrespective of the agent used to produce stress. We called this 
response, the General-Adaptation-Syndrome, and its derailments, the Diseases 
| of Adaptation. 


| Anything that causes stress endangers life, unless it is met by adequate 

adaptive responses; conversely, anything that endangers life causes stress and 

adaptive responses. Adaptability and resistance to stress are fundamental pre- 
requisites for life and every vital organ and function participates in them. In 
order to present a well-proportioned outline of the G-A-S it was necessary, 
therefore, to peruse every branch of physiology, biochemistry. pathologic 
anatomy and clinical medicine in s tor” in all aspects of 
normal and abnormal life. ~ 1 te complexity 
of this volume. or 


° Eppinger B37085/49. 
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= | i cies 
suffer from bel tiie oe eg ee poner pe unchartered territorie. ; The adjacent scnen atic drawing disregards the specific actions of stressors, 
accept my par Saas istorted map, in the spirit in which it jg offe S Will é Sine are not + of the G-A-S. It attempts to depict only the main path- . 
complete and rectify it. Ted, to gl hich non-specific stress itself affects the organism and the : 


iar : : , ; hrough w: 
It is in this sense that I should like the reader to consider the ae Ee hich |; reactions are conditioned. \ 
OWing zp 


is of what I think I see. 
synopsis or wha in see STRESSOR 
PRINCIPAL FACTS AND THEORIES UPON WHICH THR 
CONCEPT IS BASED GAS oerenee DAMAGE 
= (Necrobiosis 


Under this same heading, in the introductory section of this book (cf <~_Somay, 
5 ff.) we merely enumerated a few facts and theories, which we consid PP. ~ ROP Ay XC ~ 
to be fundamental for the formulation of our concept. Now after ravine <—_SONADOTROPHINS Wr» ‘ Lesa 
~ | FSH,LH.PROLACTIN Na ic re baa=an-==n4 } 


cussed pertinent data extensively, we shall attemp to integrate all our facts _ 


fi “f opti — ; = 
and theories into a unified system. Hy Romeo : 


Apart from the many specific defense reactions (e.g., formation of specific 
antibodies, adaptation to cold, habituation to morphine, hypertrophy of much- 
used muscle groups) there is an integrated syndrome of closely interrelated  .-——_{—__ ) | | qm 
adaptive reactions to non-specific stress itself; this has been termed the a So 
“General-Adaptation-Syndrome” (G-A-S). It develops in three stages: the SS 
“Alarm-Reaction” (A-R), the Stage of Resistance (S-R) and the Stage of 
Exhaustion (S-E). Most of the characteristic manifestations of the AR 
(tissue catabolism, hypoglycemia, gastrointestinal erosions, discharge of 
secretory granules from the adrenal cortex, hemoconcentration, etc.) disappear 
or are actually reversed during the S-R, but reappear in the S-E. This suggests 
that the ability of living organisms to adapt themselves to changes in their \ 
surroundings, their adaptability, or “adaptation energy”, is a finite quantity; ‘ |_____-/RENOTROPHIG| 
SUBSTANCES) 


(STEROIDS 


------4 TISSUE- 


RESISTANCE 
Na,K,H2O 


its magnitude appears to depend largely upon genetic factors. 2 9 y, 
In the G-A-S, the manifestations of passive, non-specific damage are intric- eel = 3 e 
ately intermixed with those of active defense. This is an inherent characteristic 38 2 g 8 
of the stress, which elicits the G-A-S. In the biologic sense stress he g 2 3 
= 4 ° 


interaction between damage and defense, just as in physics tension or pre 


represent the interplay between a force and the resistance offered to it. ; 
a ertain o0D- 

In addition to damage and defense, every stressor also produsay upon t 
specific actions (e.g., anesthetics act upon the nervous system, pene er 2 ed Ga 
water metabolism, insulin upon the blood-sugar), quite apart from t ae ae OE EFESTANGES 
effects. Hence the G-A-S never occurs in its pure form, but 18 ane He cons BLOOD— a 
plicated by superimposed specific actions of the eliciting stressor toxication | PRESSURES 
templating any biologic response (e.g., a spontaneous disease, aney individual 
a psychosomatic reaction), it is usually quite difficult to identi ‘ene actions 


manifestations as being due respectively to: damage, defense or gee inte: 
of the provocative agent. Only non-specific damage and defense ome in 
parts of the G-A-S, but the specific actions of the eliciting stlesso eam 
the course of the resulting G-A-S (e.g., the glycemic CunVeg Wier 
the characteristic pattern if insulin is used as the stressor 
manifestations will be atypical if the G-A-S is provoked 
sense they act as “conditioning factors”. Certain circu 
related to the stress situation, are also prone to alter 
Among these, heredity, pre-existent disease of ce 


diet are especially important. 
4, 
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centers are not yet known. Probably, either humoral or 

coming from the site of direct injury, can induce the hypothal a impy] 

system to gear the body for defense. Subsequently both of ass Ses, 

grating mechanisms, the nervous and the endocrine syste 
The nervous defense mechanism. — Nervous impulse 


€ two gr 
eat j 
™, are alerteg Mte. 


S descend f, 


hypothalamic vegetative centers, through the autonon om 
Sats mic nerves t the 
pheral organs. The splanchnics induce the adrenal medulla | © the peri. 
adrenergic hormones (adrenaline and nor-adrenaline) into the be discharge 
adrenergic nerves influence their target organs directly 0od, Other 


in the final analysis again act through the liberation of o oe fibers, Which 
@ nergic compounds 


in this case at their endings in the effector organs themselves (blood 
: 0 


glands, etc.). Presumably the discharge of adrenergic horm Vessels, 
circulation is most effective when they are needed throughout ec into the 
the sympathetic nerves are better suited to impart similar impale oye While 
to certain circumscribed territories. The most conspicuous results gaia 
neuro-humoral discharges are changes in the contractility of sane of ‘such 
Due to an adrenergic vaso-constriction, peripheral resistance increaeesiael 

n 


the blood-pressure rises. This hypertensive response may be furth 

: ‘ er accen- 
tuated by an increased cardiac volume and the opening of the “renal shunt’ 
which deviates blood from the cortical glomeruli to the juxtamedulll has” 
of the kidney. This neurogenic activation of the “shunt’’ is quite au aes 
to that induced by mechanical interference with the arterial inflow (GoldbI , 
clamp, ‘endocrine kidney” operation) into the kidney, hence it augments ue 
production of renal pressor substances (RPS). The latter also cause peripheral 
vasoconstriction; thus they further augment peripheral resistance in the car- 
diovascular system and hence the blood-pressure rises (cf., below). 

There is some evidence of a simultaneous cholinergic discharge during 
systemic stress. Concurrent activation of both agonists and antagonists occurs 
in many effector systems during the G-A-S. Presumably it helps to stabilize the 
target organs, in the face of very powerful stimuli which might otherwise 
cause excessive deviations from the norm. This concurrent tension of agonists 
and antagonists is somewhat reminiscent of the simultaneous contraction of 
flexor and extensor muscles, for instance in a limb, to prepare it against possible 
displacement by a blow which may come from any direction. However, 
damage (shock) endangers life particularly through vasodepressor and hypo- 
tensive actions, hence, the predominant response during the G-A-S is 4 
defensive (prophylactic) vasoconstriction and hypertension. 

The nervous system also participates in many other defensive reactions 
during the G-A-S, e.g., the regulation of water metabolism (through the hypo- 
physeal stalk and posterior-lobe), the blood-sugar (through the hepatic branches 
of the sympathetic division), and the blood-count (through splenic contraction), 
but for the sake of simplicity, these are not specifically indicated in ou? 
schematic drawing. 


stress is characterized by the so-called “shift in anterior-lobe hormone 
tion”. This consists in a diminished secretion of somatotrophin, 
phins (FSH, LH, prolactin) and thyrotrophin — which are not €88. 

the maintenance of life during conditions of emergency — accompanied 77 
increase in the secretion of ACTH. Apparently the anterior-lobe aaa 

to produce all its hormones at an optimal rate, if it is called : 
extraordinarily large amounts of corticotrophin. 7 
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ACTH is a “gluco-corticotrophic”” (G-CT) hormone. It induces the adrenal 
cortex to produce predominantly gluco-corticoids (G-C), e.g., “compound F”, 
cortisone- The latter act upon the blood-count (lymphopenia, eosinopenia, 


polymorphonuclear leucocytosis), the thymico-lymphatic tissue (lympholysis), 
the reticulo-endothelial system (increased phagocytosis and antibody forma- 
tion) and gluconeogenesis (transformation of non-sugars into carbohydrates). 

The gluco-corticoics } resumably influence resistance in many additional ways, 
which have not yet been fully analyzed. Through all these actions such steroids 
help to maintain a: ialectomized animals, even during exposure to stress. 

All gluco-corticoic sO far examined possess some mineralo-corticoid activity 
(actions upon Na, Cl. K and water metabolism); thus they resemble the pure 
mineralo-corticoids, but the latter are much more potent in this respect and 
possess no gluco-corticoid action. Hence, changes in mineral and water meta- 
holism, observed after the injection of ACTH, do not necessarily reflect the 
production of pure mineralo-corticoids by the adrenal. 


The action of gluco-corticoids upon the kidney has not yet been extensively 
studied. However, preliminary investigations show that they cause marked 
hyperemia of the glomeruli and may render the latter permeable to proteins 
and even blood. Heavy overdosage with gluco-corticoids can produce severe 
hyalinization and disintegration of glomeruli. This is followed by a rise in 
blood-pressure, presumably mediated through the RPS system. In this respect, 
gluco-corticoids and mineralo-corticoids may mutually synergize each other. 


The gluco-corticoids inhibit the production of arteriosclerotic changes (espe- 
cially periarteritis and hyalinosis). In this respect they antagonize the effects 
of mineralo-corticoids. 

The gluco-corticoids generally inhibit excessive proliferation of fibrous tissue, 
the formation of intercellular protein deposits (e.g., hyalinosis, collagen disease, 
allergies) and excessive granulomatous defense reactions against those local 
irritants which stimulate fibroplastic inflammatory reactions in mesenchymal 
tissue. They also tend to decrease the erythrocyte sedimentation rate (ESR), 
through their effect upon the blood-proteins. In all these respects they act as 
antagonists of the mineralo-corticoids. 

The mechanism of the marked anti-allergic and anti-histaminergic actions of 
gluco-corticoids has not yet been elucidated. It may depend upon the break- 
down of the proteins which store histamine as a protein-histamine complex. 


Many data suggest that under conditions of stress mineralo-corticoid produc- 
tion is likewise increased. Such a rise can also be elicited by certain impure, 
mineralo-corticotrophic (M-CT), anterior-pituitary extracts, for instance lyo- 
philized anterior-pituitary tissue (LAP). Threshold doses of LAP are further 
activated in this respect by simultaneous administration of ACTH. Apparently 
the action of the latter can be qualitatively altered by some factor (“X") 
present in crude pituitary extracts an for” appears to be a 
specific pituitary principle, as it r in 
Preparations of other tissues 

, but it may be ident 
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discharge predominantly gluco-corticotrophic or minera 
ciples. 

The mineralo-corticoids share with the gluco-cortic: 
the general resistance of adrenalectomized animals. 
lesions in the kidney, if large quantities of them a: 
There is distention of the convoluted tubules, proliferat 
hyalinization of the glomeruli, proteinuria, hyaline-cas: 
tually, nephrosclerosis. 


lo -corti 
1COtrophj 
'C pri 
ne 


the ability to ‘ae 
hey also cause Teas 
~ Seve 
en r 
f the ani Hes 
OF the spiral segments 
ormation and oe Ss, 
» even. 


It is highly probable that mineralo-corticoids increase 
cially through some direct functional effect upon the « 
the subsequent morphologic changes in this part of the nephron 
development of glomerular sclerosis. Eventually however, the grad ee the 
tion of the glomerular capillary bed acts somewhat like the Goldbl ee 
or the “endocrine kidney” operation and, simultaneously with the Site 
of glomerular filtration, increases the endocrine activity of the ne a pis. 
the same time the inactivation of RPS is impeded and a honmgeete hei 
renal hypertension ensues. y induced 


Presumably, both stimulation of RPS formation and inhibition of RPS d 
truction is thus induced by mineralo-corticoids. This affects the bloodaaaeml 
At first the resulting excess of RPS causes a functional vaso-constriction with = 
increase in peripheral resistance and blood-pressure. More prolonged over- 
dosage with mineralo-corticoids results in arteriosclerotic changes (especially 
periarteritis nodosa and hyalinosis), with a consequent permanent increase in 
peripheral resistance and blood-pressure. 


XPS producti 
tion espe. 
luted tubules, a 


In this respect, mineralo-corticoids and gluco-corticoids mutually antagonize 
each other, but since (at least at certain dose levels) their actions upon the 
kidney are synergistic, it depends upon the “conditioning’’ circumstances 
whether the administration of gluco-corticoids, to animals overdosed with 
mineralo-corticoids, increases or decreases the blood-pressure. (Cf. also 
conditioning effect of sodium and renotrophic substances, below.) 


There is no definite evidence to prove that either type of corticoid has any 
direct vasopressor effect. Addition of corticoids to perfused vessel preparations 
does not cause them to contract. Nevertheless, mineralo-corticoids can augment 
the blood-pressure even in the absence of the kidney, presumably by raising 
the blood-volume through their effect on mineral and water metabolism. 


Both types of corticoids act back upon the anterior-lo 
ACTH production, through the so-called phenomenon 
atrophy”. It is not yet known whether corticoids also impe : 
production of that “X factor” which renders ACTH mineralo-cort! 
However, this is very probable, since otherwise ACTH therapy wee 
aggravate conditions characterized by symptoms of mineralo-cortic 
dosage. If the production of the “X factor’ is inhibited in the samé ye 
as that of ordinary ACTH, then the therapeutic action of, ACTH4s) 
explicable. In both instances the pituitary is exposed to an ©*” 
corticoids. The latter are even more potent in eliciting oa 
atrophy” phenomenon than the mineralo-corticoids. 
corticotrophic stimuli (including “X-factor”’) are virt 
exogenously administered, predominantly gluco-cort 
uninfluenced upon the adrenal cortex. ‘ 


oid over” 
anet 
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There is much to suggest that at least certain types of stress (e.g., emotional 
stimuli) can increase the production of antidiuretic hormone, which is probably 


identical with vasopressin. This effect is undoubtedly mediated by nerve 


tracts descending from the hypothalamus to the posterior-lobe, since (unlike 
the discharge of ACTH) it is abolished by transection of the hypophyseal 
stalk. 


Vasopressin « important effects upon the blood-pressure and diuresis; 
these may be super sed upon the typical reaction pattern during the G-A-S. 
However the réle of vasopressin secretion during systemic stress has not yet 


been adequately investig ited. 


Damage and Other Factors Conditioning Defense 


As we have said before, many non-specific actions of stressors merely 
represent manifestations of damage and are not mediated through either the 
humoral or the nervous defense systems outlined above. These changes 
appear to result from necrobiosis of cells not sufficiently protected by the 
systemic defense mechanism. Thus, tissue catabolism occurs under conditions 
of stress even in the absence of the pituitary, the adrenals or the sympathetic 
nervous system. Although gluco-corticoids enhance catabolism, especially of 
readily dispensable proteins (e.g., that of the thymus, the lymph-nodes and 
connective tissue), extensive losses of body protein, fat and carbohydrate can 
occur even after adrenalectomy. 

Catabolites, thus produced, can condition the defensive chain-reaction of 
the G-A-S at various links. We have seen that protein tends to favor the 
mineralo-corticotrophic type of hypophyseal discharge, that sodium increases, 
while renotrophic steroids decrease, the sensitivity of the kidney to overdoses 
of mineralo-corticoids, that topical chemical irritation augments the fibroplastic 
and hyalinosis-producing action of mineralo-corticoids and so forth. There is 
every reason to believe that endogenously liberated protein (or amino-acids), 
sodium, renotrophic steroids and irritating metabolites, would influence such 
hormone actions in the same manner as these substances do when they are 
exogenously introduced into the body. The intensity and the quality of such 
“endogenous self conditioning” of the G-A-S largely depends upon the body's 
reserve of these metabolites and the intensity with which they are discharged 
into the blood. Presumably, this in turn is influenced by heredity, species dif- 
ferences, previous exposure to stress, the nutritional state of the organism, etc. 

We saw that the specific actions of individual stressors may likewise act as 
conditioning factors. Thus agents causing intense renal damage can sensitize 
the body to the pressor effects of the G-A-S, somewhat in the same manner 
as partial nephrectomy does; pyrogens, histamine and other stressors capable 
of causing severe vascular paralysis will selectively “d ondition” the arterial 
tree to the pressor action of endogen nic s or local 
mechanical trauma can stimu contact 
with them (somewhat like th rita 
arthri st) t By 
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This is particularly important for the understanding of 
adaptation. Unless conditioning factors could considerah] the 


diseases 
pattern to stress, it would be impossible to ascribe rhe ‘ 


y alter th 
A B ex 
matoid arthritig ton 


teritis nodosa, allergies, certain types of diabetes, or hyperteng; eria 

causative agent, namely to systemic stress. The conce; : that al to the stig 
ferent maladies should result from the same cause has 5! teri such wide] if 
be quite contrary to accepted views concerning the , annul 7 onsidlened to 
Since this tenet is rather fundamental for our interpre: tion cae of disease 
adaptation, it deserves special attention. On OF the diseases of 


Let us point out firstly, that such an assumption is not with 
medicine. For example, excessive production of thyroj hog Precedent in 
associated with predominantly ophthalmic, metabolic or cardia oe may be 
Before the tuberculosis bacillus had been isolated, it would h me ements, 
sidered most improbable that such dissimilar conditions as Be ne Sor 
phthisis of the lungs, miliary tuberculosis and the tuberculous lu ore cisco: 
are all caused by the same pathogen, yet, this is the case. Pus of thesekig) 


We have attempted to demonstrate that the polymorphism of th Gc 
symptomatology is due to two principal reasons. Firstly, every su aa 
specific actions, in addition to its stress-producing ability. The Fontes i 
the response caused by stress as such; hence, the polymorphism of the Gat 
manifestations can be due to specific effects of the evocative stressors. ti 


The following schema will illustrate this point. In all three figures the 
solid arrow represents stress, the other the ‘‘contaminating” specific actions 


Vv 


Obviously, the end results of exposure to the three agents represented here 
could not be the same. 


Qecccccoce 


ple taken 


This type of “conditioning” may also be illustrated by an exam 
actions 


from chemistry. All acids have many properties in common, yet the f 
of each member in this group are essentially different. ‘The characteristic 
which they share are due to their acidity, the properties which distingus 
them are the specific reactions of the carriers of this acid function. In phat- 
macology the stressor effect is what the drugs have in common, their other 
properties endow them with “‘specific pharmacologic actions’. Both in chee 
try and in pharmacology the specific properties condition that non-spec 
feature (acidity, stress) which the entire group shares. Hence, no two agen 
= and no two stressors — act exactly alike. This may help to illustrate co? 

tioning by specific properties of the stressor. 


We have seen, however, that even exposure to the same stressor 4! 
result in qualitatively different responses. Here polymorphism Of ' 
manifestations is due to selective conditioning, by factors € 
stressor. This “peripheral conditioning” may occur a 
stations of the G-A-S or in the target organs themselves. 
this to the manifold effects one can obtain with the same el 
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an emergency, it may be necessary to supply more electricity for a com- 
munity. This current will always be of the same quality and it will always 
travel along the same, pre-existent, main channels. Yet, depending upon the 
kind of emergency an | the special needs of each district, both its quality and 
quantity has to be regulated locally in the periphery. Thus the same current 
can be used to pro > mechanical work, sound, light of any color, heat or 
cold and indeed it may be shut out completely from a locality where it would 
represent a fire hazard. Of course, the more we approach the periphery of such 
an electric circuit, the more subject it will be to conditioning. Firstly, because 
the thin terminal wires can more easily be handled then the thick principal 
cables and secondly, because interventions anywhere along the line, above such 
a peripheral point, would affect the latter. 

Essentially the same is true of the G-A-S. The more we approach the 
periphery, the more often do we note deviations from the standard G-A-S 


pattern. All stressors cause an ACTH discharge, but this may or may not be 
accompanied by the production of the “X factor’, which is necessary for 
mineralo-corticotrophic actions. Interference at a lower level may cause even 
more selective deviations from the typical stress response. Thus, transection 
of the splanchnics may impede adrenaline discharge during the A-R, without 
interfering with any G-A-S manifestations except those resulting directly 
from hyperadrenalinemia. Possibilities for conditioning become ever more 
selective as we approach the peripheral target organs, each of which can 
be individually protected or sensitized to the typical actions of the G-A-S. 


It is an inherent characteristic of most ramifying systems that side branches 
are more readily influenced than main lines. The following schematic drawing 
will help to illustrate this. 
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PRINCIPAL CRITICISMS OF THE G-A-s CONCEPT 


The general outlines of the G-A-S concept have not been h 
some of its aspects became the subject of much debate and : 
deserve special consideration here. 

Why are the “diseases of adaptation” so polymorph in their r 
if they are all due to stress? We mention this question nly fonnitestati 
completeness, since it has already been answered in the eee sak, 
We believe that the principal reasons for this polymorphism are ii Section, 
“conditioning factors’; namely, the specific effects of the evocatj & so-called 
and other exogenous, or endogenous factors (heredity re-existene Alani 
certain organs, diet, previous exposure to stress, etc.) whieh i ISease of 
selectively, certain pathways or target organs of the G-A-S respons 


allengeg, but 
CTiticism: the 
> these 


‘Ons 
e of 


Why does exposure to the same stressor produce disease only j : 
individuals? It is undoubtedly true that the same drug, mic ye 
pes bie phe ; a robe, emotional 
irritant or physical injury may produce a disease of adaptation in one per 
and be tolerated with impunity by another. It should be recalled howe an 
that the G-A-S is a useful, normal physiologic reaction to streug} only 
derailments have been interpreted as diseases of adaptation. Hence, exam 
to a stressor can be expected to produce such diseases only if the defense 
reaction is inadequate. Thus, for instance, in our experimental efforts to 
produce the hyalinosis-hypertension syndrome in rats by exposure to cold, 
we found it necessary to perform unilateral nephrectomies and to keep the 
animals on high-sodium, high-protein diets. All these conditioning cir- 
cumstances failed to produce disease in the absence of stress, but upon exposure 
to cold, they caused a derailment of the G-A-S, with consequent cardiovascular 
lesions, nephrosclerosis and a rise in blood-pressure. 


It is very probable that in man also, under the influence of stress, similar 
diseases would develop, only when the G-A-S is prevented from evolving 
in a normal manner, as a result of adverse conditioning factors. 


Desoxycorticosterone may not occur in the adrenals. The fundamental 
work concerning the diseases of adaptation has been performed in animals 
treated with excesses of DCA. It is this work which led to the concept that 
diseases could be due to an excessive mineralo-corticoid production. Yet, 
evidence now at hand is insufficient to prove with certainty that desoxycol 
ticosterone is produced, as such, by the adrenal cortex. 

It will be recalled, that LAP (a mineralo-corticotrophic extract i 
similar lesions in intact, though not in adrenalectomized animals. Eee 
desoxycorticosterone itself were not secreted by the suprarenal ae 
above observations would still strongly suggest that some similany acl 
principle is produced as a result of hypophyseal stimulation. Furt a an 
the “amorphous fraction” of Kendall, the “sodium factor” of Haron 
desoxocortisone, have all been shown to possess typical miners 
actions. All these substances have been prepared from the adrenals cs 
investigators and in good yields, so that there can be no quesii@” — 
being natural products of suprarenal activity. : 


The doses of DCA used in the fundamental exp 
of adaptation” may exceed the amounts produced enc 
itself. This criticism has been voiced particularly 
experiments, in which DCA was given in the for 


) also causes 
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sitized animals. Subsequently, with the introduction of the pellet implantation 
technique, especia ly in animals sensitized by unilateral nephrectomy and/or 
high-sodium diets. much smaller amounts of the hormone proved to be disease 
producing. 

It must be rev -d, furthermore, that there is no objective reason to 


ic amounts of mineralo-corticoids as being beyond the 
e produced in the body during stress. The quantities 
men who had received DCA, in doses conducive to 
blood-volume, edema and renal damage, do not exceed 
itients after burns, traumatic injuries or acute infections. 
mounts of gluco-corticoids required to produce remis- 


consider the pat 
limits of what < 
excreted in the u 
hypertension, inc: 
those eliminated | 
If we can judge by 


sions, in those spontaneous diseases which have been simulated in the animal 
by DCA overdosaye, then this criticism appears to be even more unjustified, 
About 10 mg. of DCA per day given over a period of weeks, would certainly 
be pathogenic in man, while 80-100 mg. of cortisone are usually required to 


produce a pronounced remission, for instance, in rheumatoid arthritis or 
lupus erythematodes. 

How can one reconcile the fact that the “rheumatic-allergic type” of disease 
is produced by corticoids in animals and nevertheless responds so favorably to 
corticoid therapy in man? This question hardly deserves much comment now, 
although it has often been asked, just after the introduction of cortisone into 
clinical practice. The original animal experiments — of necessity — had to 
be performed with DCA (a mineralo-corticoid) since this was the only adrenal 
steroid available in adequate amounts. Its effects upon many target organs 
are the reverse of those produced by gluco-corticoids (e.g., cortisone). As we 
now know, this is due partly to a peripheral antagonism at the level of the 
target organs themselves and partly, perhaps also to the inhibition by gluco- 
corticoids of mineralo-corticoid production, through the “compensatory 
atrophy” phenomenon. 


The urinary elimination of corticoids is not always demonstrably abnormal 
in the diseases of adaptation. As we have repeatedly emphasized in this book, 
diseases of adaptation do not necessarily result from an absolute deficiency 
or excess of corticoids; they can also ensue as a consequence of an improper 
balance between gluco- and mineralo-corticoid secretion, or be caused by a 
state of “relative hypocorticoidism”. Thus, in our “topical irritation arthritis 
the introduction of an irritant into the joint region produced a violent arthritis 
in perfectly normal animals, yet it failed to do so after pretreatment with an 
excess of ACTH or cortisone. This clearly shows that the adequacy of 
corticoid production can only be assessed in proportion to the pathogen which 
creates a need for such hormones. thogenic factors. 
which cause disease in individue “normal”, 
would fail to do so if t 

je. commensur 
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adence 
steroid metabolism has been noted, in patients suffer; . an an Maly ; 
allergic diseases, (e.g., increased pregnandiol excretio: “ re the theumatic 
of progesterone, anomalies in 17-KS elimination). c administrag; 
Research along these lines has been handicapped | rincipall 
difficulty of assaying, blood or urine, specifically for min, alone due to the 


icoid actiy; 

i. Ity, 

relevant technique 
portant problem, 


CLINICAL APPLICATIONS OF THE G-A-s CONCEPT 


As regards clinical medicine, we feel that the Principal value of th 
concept is that, by helping to understand the réle of the stress oe 
disease, it enables us to adjust our therapeutic measures accordingly. ry 


Non-specific therapy. — It becomes increasingly more evident that many of 
the time honored, though not spectacularly effective, non-specific the f 
measures — such as fever therapy, shock therapy, parenteral admin 
of foreign proteins, blood-letting or mere starvation — are beneficial tare 
through the G-A-S. Often their principal value appears to be thachalee 
stimulate ACTH and gluco-corticoid production. Wherever this is so, it Be 
be preferable in the future to inject ACTH or cortisone. In certain iia 
however, non-specific therapy proved efficacious where ACTH failed. For 
instance, in mental patients, who did not respond to ACTH, it could be shown 
by subsequent shock therapy that they are benefitted by non-specific stress. 
Here, presumably certain specific changes, incident to the shock, act as con- 
ditioning factors of the hypophysis-adrenal discharge, or separately through 
other channels of the G-A-S (e.g., the nervous system or the catabolic 
response of the A-R). 

There is a striking parallelism between the diseases empirically shown to 
respond to non-specific therapy and those which show dramatic remissions 
under the influence of ACTH and cortisone (e.g., rheumatoid arthritis, various 
inflammatory conditions of the eye, allergies). Through the use of the cor 
ticotrophic and corticoid hormones we are on the threshold of developing @ 
modern version of non-specific therapy, which is much more effective than 
the old and lends itself better to a scientific analysis of its mechanism. . 

Dietary treatment of cardiovascular and renal diseases. — Diets poor 
seasoning (spices, salt) and/or protein, have long been recommended in the 
treatment of hypertension, nephritis, nephrosis and allied conditions. Howev™ 
the results were rarely spectacular and, in the absence of any convineit 
rationale which could justify their use, they have not been received vig 
sustained enthusiasm. Purely empirical observations on a heterogene™ 
clinical material failed to show clearly even whether the detrimental © 
of hiahly seasoned food are due to sodium, chloride or condiments in 9° 
It also remained a subject of debate, whether certain vegetable pro! 
more readily tolerated than meat and, especially whether — 
heavy urinary protein losses in renal disease — it is better 
Drotein diets, to protect the kidney against overwork, o 
to substitute for the constant urinary losses. . 

A study of the mechanism through which stress cal 
renal disease, has established certain definite facts con 
by protein and minerals in the pathogenesis of th 


However, several recently published improvements jn ; 
hold great promise as regards the elucidation of this 
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such maladies. If these data can be applied to the corresponding clinical 
diseases — and there is much reason to think that they can — then we shall 
soon be able to prescribe diets on a much more rational basis. 

Now that we know how to reproduce these diseases in animals, it is com- 
paratively simple o establish the pathogenic réle of each dietary constituent, 
under rigorously controlled experimental conditions. 

Corticotrophin and corticoid therapy. — Undoubtedly, the most important 
pertinent data are those derived from the clinical use of ACTH and cortisone. 

Since only very limited amounts of these hormones have been available up 
to date, it is not yet possible to assess their scope accurately. However, it is 
precisely now that some general orientation in this field is most urgently 


needed. By way of a summary, let us say therefore, that (apart from their 
obvious utility in hypocorticoidism and anterior-pituitary deficiency) ACTH 
and/or cortisone have been shown to be of value in the following conditions: 


Agranulocytosis, 

Alcoholism, 

Allergies, various, (in addition to those spe- 
cifically mentioned here) 

Allergic rhinitis, 

Asthma, 

Atopic dermatitis, 

Blepharitis, 

Choroideremia, 

Choroiditis, 

Conjunctivitis vernalis, 

Dermatomyositis, 

Drug sensitization, 

Eczema, 

Exfoliative dermatitis, 

Erythema multiforme, 

Fevers (apparently irrespective of etiology, 
though probably normalization of the tem- 
perature is not always an advantage), 

Gouty arthritis, 

Hay fever, 

Hemolytic anemias of various kinds, 

Herpes zoster, 

Hodgkin's disease, 

Idiopathic hypoglycemia, 

ritis, 

Tridocyclitis, 


Keratitis, 

Leukemias (various), 

Loeffler's syndrome, 

Lupus erythematosus disseminatus, 

Lymphosarcoma, 

Nasal polyps, 

Nephrosis, 

Neurodermatitis, 

Ophthalmologic conditions (especially those 
characterized by allergic and inflammatory 
manifestations), 

Periarteritis nodosa, 

Pneumonia (pneumococcus, “primary atyp- 
ical’), 

Psoriasis, 

Retinitis (centralis, pigmentosa), 

Retrobulbar neuritis, 

Rheumatic fever, 

Rheumatoid arthritis and spondylitis, 

Serum sickness, 

Tuberculosis of the larynx, 

Ulcerative colitis, 

Urticarias (various), 

Uveitis, 

Vasomotor rhinitis, 


Preliminary data suggest that this type of treatment may also be of value 


in the following conditions : 
Boeck's sarcoid, 
‘laucoma, 
Hepatitis, 
Hypertension, 
perth’ 
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Osteoporosis, Septicemia, 
Peritonitis, Wound healing, 


In this connection, it should also be emphasized that 


a ; und , 
ditions, ACTH and/or cortisone may actually cause: °F certain con 


eer pulmonary edema, fever and ‘ominal rigidi 
ve a ine 
pcttes, : ; ; : nitis, the hematologic ma ty in perit 
arked decrease in resistance to infections, systemic diseases, the nifestationg % 
Obscuring of the criteria of disease (e.g., pulse in acut infections eration of th 
ae ’ etc.) e 


PROBLEMS FOR FUTURE RESEARCH CONCERNING THE G 
-A-S 


At this point it may be stimulating to contemplate some of the most ; 
Impor- 


tant tasks that lie before us. However, in order to do sw effective] 
first consider the direction this type of work has taken during the 1St- cae ae 
In the first printing of my “Textbook of Endocrinology”, | enip a 
gy; size 


that: “For the species, the most important réle of the hormones i 
but for the individual, it is differentiation and adaptation. Tt becornaaataaal 
ingly more obvious, furthermore, that the principal medical ap ie eae 
endocrinology is not the treatment of the primary, but of theca ‘ 
diseases of the endocrines. ~ Tumors and hyperplasias of endocaaem ee 
with consequent hormone overdosage, or destruction of incretory or a ae 
the resulting hormone deficiency syndromes, are instructive, simple expe 
of — which have taught us much about the endocrines. But these ms 
rare diseases in comparison with t i 
noe aaa oped he hormonal derangements resulting from 
The main fatal syndromes of internal medicine (various cardiovascular, 
renal ‘rheumatic’ and old age diseases) may belong to this latter group; they 
are probably by-products of faulty hormonal adaptative reactions to a variety 
of non-hormonal pathogenic agents. The apparent cause of illness is often an 
infection, an intoxication, nervous exhaustion or merely old age, but actually, 
a break-down of the hormonal adaptation mechanism appears to be the most 
common ultimate cause of death in man.” 

Similar considerations led Albright to point out in his introduction to “The 
Endocrines” in Cecil's Textbook of Medicine? that: “The physician who 
calls himself an endocrinologist and confines his interests to such unfortunate 
members of society as might appear in the side-show of a circus, never 
realizes that pneumonia, a broken leg, and a bad burn involve important 
changes in adrenal cortical function (cf. ‘alarm reaction’ of Selye), that the 
disturbance in homeostasis occasioned by chronic renal insufficiency is amelior- 
ated by a secondary hyperparathyroidism, that the somatotrophic action © 
testosterone propionate may be of use in many conditions other than male 
hypogonadism, and so on.” 


In his inaugural lecture at the Hopital Bichat, in Paris, Laroche 
particularly, in connection with the experimental work on the G-A- 
These experiments throw a new light upon a series of maladies, 
not hitherto be related by pathologists to any particular hormona 
ment: certain hypertensions, certain types of chronic n itis, U 
affections, periarteritis nodosa, etc. Since these cond 


3 stressed 


1 Selye 94572/47, 
2 Cecil A63152/43, * B26357 
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hormonal derangement, one wonders whether it would not be possible to 
effect their re-equ jibration by means of other hormonal actions ?” 

In the correspo: ling section of the first monograph on the G-A-S, we 
ointed out that: ‘It would be tempting to survey all the diseases of unknown 
etiology from this new point of view and to determine whether those among 
them which apparently can be caused by a variety of agents, belong to the 
category of the discases of adaptation”.* — This has been accomplished, to 
the best of my ability, in the present volume. — Let us consider now some of 
those questions whos« solution appears to be particularly rewarding when we 
survey the G-A-S concept, as it presents itself during the early months of 1950. 

Adaptation energy. ~ Ever since 1937 I have been intrigued by the fact 
that an already ac vuired adaptation to a certain stressor agent is gradually 
Jost in the course of « hronic exposure. This means that the ‘adaptation energy” 


(or adaptability ) of the organism is a finite amount. There is a singular simil- 
arity between the manifestations of the exhaustion stage, which ensues when 
adaptability is lost, and those of physiologic senility. No doubt, inestimable 
advantages would accrue to the practice of medicine if we succeeded in iden- 
tifying “adaptation energy’. — So far we can report no progress along these 
lines. 

The physio-pathology of periodicity. — In addition to the irreversible 
exhaustion of senility, or of the “exhaustion stage” in the G-A-S, there is a 
temporary exhaustion or fatigue, which ensues after less prolonged exposure 
to stress. From this condition recovery occurs most readily as a result of rest. 

Stress-reactions — such as the G-A-S — are optimally effective during short 
emergencies; perhaps largely, because most of the ‘stress hormones” (adre- 
nergic substances, ACTH, corticoids, RPS) are well tolerated only during 
short periods and tend to cause severe complications if they act upon the 
body persistently over a long time. Thus, for example, the amounts of 
endogenous corticoids which spill over into the urine during a brief emer- 
gency (e.g., burns, emotional upsets, trauma, muscular work) are as high as 
those found in Cushing's disease, yet they do not produce “‘cushingoid”’ 
manifestations. The same is true of patients who receive large amounts of 
such hormones, during a short time, for medicinal purposes. The intermittent 
secretion of ACTH during various stress situations (infections, nervous stimuli, 
etc.) may also explain the comparative rarity of cushingoid changes in chronic 
disease, although here “deconditioning” metabolic changes probably also play 
a réle. It may be rewarding to examine the mechanism of recovery from brief 
periods of overdosage with the “stress hormones” in order to learn how to 
avoid complications when they are therapeutically administered. 

But there are many other data to stimulate interest in “periodicity”. 

A certain degree of cyclicity is nearly as characteris life as adaptability 
itself and the lack of peri ity, i quivalen ath. The 
female sexual cycle, t 
Variations, the inte 

the periodic 
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From time to time we feel the urge to re-organize our classifi 
SI leat 


medicine, even if nothing really new is added — just as we Ons ip 
contents of our desk-drawers. It gives us a chance to cling arrange the 
objects and to put the most useful ones into accessible positions 1 the Useles. 
call to our attention some long-forgotten item, which we | :nished j t may even 
at a time when we failed to realize its, now so obvious, ility, nto obscurity 


found it of interest to re-arran ici in thi 
We found t ange medicine, in this book, aveaea 


the G-A-S concept, but it may be equally, or even more, fruitful f ing to 
future investigator to re-arrange them as ‘‘diseases of ; eriodicity” Or some 

The problem of the “first mediator”. — In the many chapters of this y 1 
Olume 


we repeatedly had occasion to deplore the paucity of information concern; 

° js 4 : : 48 cerni 
stimuli which, during stress, induce the pituitary to discharge ACTH. T ng 
section of the stalk (with all its nervous and blood-vessel connections be ae 
hypophysis and hypothalamus) does not necessarily impede this reaper 
The nervous pathways between the hypothalamus and the pituitary may ce 
of importance in the event of exposure to purely neurogenic stressors; it 
remains to be seen, however, what carries the “stress message” to the anteniby 
lobe, from a burned skin, a traumatized limb, or tissues damaged by systemic 
infections and intoxications. We expressed the opinion that perhaps an ACTH 
discharge could be caused by any derangement in the chemical or physical 
characteristics of the blood, but this is merely a hypothesis. Further work 
along this line is badly needed. 

The possible therapeutic value of G-A-S components, other than adrenaline, 
ACTH and gluco-corticoids. — Up to now, attention was principally focused 
upon the utility of the adrenaline and gluco-corticoid discharges, the former 
mediated by the sympathetic, the latter by ACTH. It is highly probable that 
many other manifestations of the G-A-S participate in raising resistance. In 
this connection, one might think of nor-adrenaline, mineralo-corticoids, anti- 
diuretic hormone (vasopressin) acetylcholine, histamine, the products of lym- 
pholysis and even endogenous anti-histaminics. * 

How perfect is the correlation between gluco-corticoid and anti-arthritic 
activity ? — Up to the present time all our observations suggest that the power 
of a compound to inhibit rheumatoid arthritis or “topical irritation ante 
to cause thymico-lymphatic involution, eosinopenia, glycogen deposition ai 
liver and to antagonize certain manifestations of the “hyalinosis syn 
are all correlated activities. In the terms of steroid pharmacology, this Me 
mean that these are subordinate actions of the gluco-corticoid potency am 
as vaginal cornification, uterine estrus and testicular atrophy are subore! 
actions of the folliculoid (estrogenic) potency. It is not certai 
this apparent lawfulness will apply to all steroids which may 
able in the future. There is some reason to believe that cortisom 
pound differing from cortisone by the introduction of a seconé 
at C,;) possesses certain gluco-corticoid activities, out D 
causing a remission in clinical rheumatoid arthritis. 
these aspects of steroid pharmacoloqv would undoubte 
pharmaco-therapy in the diseases of adaptation. A 


How perfect is the correlation between minerala 
activity ? — In general, preparations with marke Cr 
(NaCl retention, K elimination, diuresis) are also n 
experimental hvalinocie Wowrewer in camnoriricl 


ver, tha 
n, howe 1 
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cortisone and desoxycorticosterone, this parallelism does not appear to be 
perfect. Furthermore, at very high dose levels, in certain vascular territories 
(e.g. kidney), even gluco-corticoids can cause hyalinosis although in other 
target organs they inhibit such changes, even at the same dose levels. We 
wish to stress the need for a more profound analysis of the correlation between 
mineralo-cortico' nd hyalinosis activity especially since, for the sake of 
simplicity, in th: y of this volume we tended to describe these properties 
as strictly intercependent. We felt that this is justified, as a temporary 
measure, in order ‘o avoid further complication of our presentation, especially 
since there is no convincing evidence to the contrary. It will be kept in mind, 
however, that up to now we do not have definite proof that the characteristic 
effects upon mineral metabolism and hyalin deposition are but two subordinate 


actions of the mineralo-corticoid potency. 

Selective conditioning in general. — We saw that some factors (diet, drugs, 
etc.) can selectively increase or decrease the action of stress hormones upon 
certain organs. In order to accentuate the desirable and to minimize the 
undesirable effects of ACTH and cortisone, it is imperative to learn more 
about the activities of such ‘‘conditioning factors”. 

Selective conditioning of the adrenal response in particular. — The pos- 
sibility of influencing the adrenal, at will, to produce different kinds of hor- 
mones, deserves special mention. The adrenal cortex can produce a variety 
of compounds, namely, mineralo-corticoids, gluco-corticoids, testoids, folli- 
culoids and perhaps even “‘lipo-corticoids”. We have shown furthermore that 
the morphologic response of the adrenal cortex can also be qualitatively altered 
by conditioning factors. We concluded that the pharmacology of the adrenal 
cortex is not merely limited — as has hitherto been thought — to a more or 
less intense stimulation by ACTH. It would be of the greatest interest to learn 
more about the factors which permit us to induce the adrenal cortex to respond 
in qualitatively different ways. 

In this respect the recently discovered “X-factor”, which appears to be 
present in impure APE and LAP, is of especial interest. It may be a new 
hormone or a mixture of already identified anterior-lobe principles. In any 
case, we shall have to attempt its identification in order to understand how 
the hypophysis can react to stress by discharging mineralo- and gluco- 
corticoids in variable proportions. 

The recent demonstration that nor-adrenaline is produced by the adrenal 
medulla raises the possibility of its participation in emergency reactions. Up 
to now only adrenaline has been considered in this connection. Are there 
factors which can condition the adrenal medulla to produce either adrenaline 
or nor-adrenaline predominan : 
_ Selective hypocorticoidi 
is closely related to | 
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Why is RPS maximally produced when it is minimally detoxified 2 

been noted that conditions which cause the kidney produce aa ali has to expose micro-organisms to the destructive effect of antibiotics. It should 
RPS, also interfere with its ability to detoxify such pressor substances «8 of be explored whether, in the absence of encapsulation and granuloma forma- 
there appears to be a rather close inverse parallelism between Res S- Indeeq tion, micro-organisms would be more readily attacked by anti-microbial agents. 
and RPS detoxification, Perhaps such compounds as DCA and arttion The necessity for specialists in adaptation and problems of stress. — Finally, 
ventions as the “endocrine kidney’ operation, cha the direct; Inter. we should like to emphasize that the science of adaptation is beginning to 
reversible chemical reaction between RPS and som« ctive preduaigia os develop into a separate branch of medicine. Apart from specialists in certain 
the body the total amount of RPS plus its precu: vere fairly ae If in techniques (surgery, x-ray, laboratory diagnosis) and target organs (heart, 
factors which would tend to direct the process towards RPS production mee gastrointestinal tract, skin, eye), we will need the specialist in stress and adap- 
bed a Rs ai Peedi, ' ; tte Possible ita like his colleagues in other disciplines, he will have to borrow from 
fapentenee of renal hypertension, the field certainly deserves a Syubaee cognate fields. Th: ophthalmologist has to acquaint himself with certain 
sn ystematic aspects of surgery, internal medicine, allergy, etc.; the cardiologist must know 


a good deal about x-ray findings, the physics involved in electrocardiography, 
etc. Similarly, the stress specialist will have to devote a good deal of his time 
to the study of internal medicine, experimental physiology and pathology, 
allergy, neurology, endocrinology, and so forth. Nevertheless, the immensity 
of the subject-matter related to stress-problems will undoubtedly require the 
training of specialists who may be consulted in connection with diseases 
in which the stress factor plays a predominant part. 


Why is ACTH (or cortisone) capable of producing remissions both in 
granulocytic anemias and in agranulocytosis ? — Perhaps here granulocytosis 
and agranulocytosis are merely secondary manifestations of a response to 
some evocative agent, whose stressor effect is mitigated by gluco-corticoids, 
The condition is apparently comparable to the rise in body temperature occa- ‘ 
sioned by cortisone in Addisonian hypothermia, although the same compound 
depresses fever caused by a variety of pathogens. The mechanism of such 


dual responses remains to be elucidated. DIAGRAMMATIC SYNOPSIS OF THE G-A-S CONCEPT 

Is the similarity in the pharmacologic effects of adrenergic and corticoid And now in these last few paragraphs of the book, I should like to sum- 
compounds merely coincidental? — Adrenergic compounds and corticoids marize concisely what appears to me its most important outcome. 
share a number of actions, such as the ability to produce hyperglycemia and | All agents can act as stressors producing both stress and specific actions. 
hypertension, to increase muscular efficiency and to antagonize certain types of : No agent can produce one without the other. The specific actions affect the 
allergic reactions. It may be significant that such varied effects are shared target organs in a variety of ways. Stress acts only through the G-A-S. 


by hormones of the adrenal cortex and medulla, but the cause and purpose of It causes defense and damage. : 
these similarities — as those of the morphologic proximity between adrenal The defense mobilizes agonists and antagonists which, through their 
cortex and medulla — remain obscure. interaction on the target organ, stabilize the latter and adjust its response to 

Other miscellaneous problems. — The inhibition of wound healing and re- injury. But stress also invariably causes some degree of og through 
generation by gluco-corticoids raises the possibility that mineralo-corticoids the G-A-S. This likewise affects the target organ, though not through the 
5 : : F humoral and nervous mediators of non-specific defense. 
may act inversely, but this remains to be shown. ; 

The k f lenton ti (e pulmonary, renal of Factors extraneous to the G-A-S (e.g., heredity, diet, previous exposure 

as eee amr ey anes ald e ment of peritonitis im to stress) can condition these responses. Thus in the final analysis the reaction 

hepatic abscesses) in animals and the OES ee . that these hormones of the target organ will depend upon the specific actions of the stressor, the 
man treated with large doses of gluco-corticoids, suggests poss | effects of the resulting G-A-S (agonists, antagonists, non-specific damage) 
may be useful tools in the analysis of inflammations ages a hypertension and extraneous conditioning factors. This explains how the essentially stereo- 

0a sakes ihe paces Ue merase he te types.af tumors eee responsaiaad lead to a variet of ee 5 a cee 
eclampsia, peptic ulcer, psychoso % rther any apparently u ed amenal 1 i 
etc. has merely been suggested by the experiments completed up to date. Fu — 


“stress hormones”, 
work along these lines would be highly desirable. tic pur 

ACTH and cortisone substitutes are urgently needed for therapies ids 
poses. The possibility of synthesizing ACTH from its constituent ie 
is now under investigation and it is quite possible that cer’ 
cortisone-like structure may help to decrease the high 
availability of these useful compounds. 

It will also be necessary to explore systematically th 
as gluco-corticoid synergists, in certain specific inst 
have already been discussed under the heading o 
cognate applications come to mind. For instance, i 
grinuloma formation in tuberculosis and other 


———————————— 


792 GENERAL SUMMARY 


Disease consists of two components, damage and defense, 
medicine attempted to attack almost only the damaging pathogen 
germs, to excise tumors, to neutralize poisons). 

As regards defense, hitherto, medicine limited itself to such ya 
as the usefulness of rest, wholesome food, etc. A study of 
suggests that henceforth we will be able to rely upon 
means of aiding adaptation to non-specific local or s\ 
plementing the natural defensive measures of the G-A 
sub-optimal. 
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To facilitate the use of 
bracketed numerals [e.g., (1 

Greck letters (e-9-) 
words (e-g-: in, the, of, for 

When a “target organ 
B to A thus: B > A, instead 


is indexed thus: A B 


If two stimuli B and C act upon the same target organ A, this is usually indexed: AS B+ Cor BS>A<C. 
It is, of course, impossible to index highly complex interactions under each stimulus or target involved 
(and all their synonyms), but entries have been so selected that it will be rarely necessary to search for a 


INDEX 


index, block numerals (e.g-, 12) refer to principal discussions of a subject, 
illustrations and ordinary Roman numerals (e.g., 12) to all other parts of the text. 


3 + 8 A)» numbers which form part of indexed words and short connecting 


to, as) are omitted in determining the alphabetic position of entries in this index. 
A is influenced by a stimulus B, this is indicated by an arrow pointing from 


{ the usual cumbersome entry: 


specific item under more than two possible headings. 


Abbreviations, 25 | © , 
“Abnitzungspigment | <— G-A-S, 
Abortion = G-A-S, 364, 365 


Abscesses -> Cardiovascular system, 


547 : 
Absorption < diseases, 743 
— €G-AS, 742 
— €hemorrhage, 742 
— € ionizing rays, 742 
— €trauma, 742 


“Abwehrfermente’” ++ G-A-S, 254 
Acacia > cardiovascular system, 509 


Acapnia, theory of shock, 84 
“Accelerated aging’ + G-A-S, 


“Accelerating factor’ —> regenera- 


tion, 766 
Acceleration > kidney, 613 
— > water balance, 214 


Accidental thymus involution, 463 
Acetonitril intoxication < corticoids, 


70 
Acetoxypregnenolone — arthritis 
perimental), (388), 392 


1 


1 


> cardiovascular 
524 
etylcholine < ACTH, 241 
< anaphylaxis, 240 
© cephalin, 241 
< emotions, 240 
< “fright reaction", 240 
¢ hypophysectomy, 241 
| lecithin, 241 
© shock, 89 
€ trauma, 240 
> blood-clotting, 449 
> corticoids in blood, 225 
> gastrointestinal tract, 700 
hemopoietic system, 481 
urns, 220 
© dibenamine, 374 
© dihydroergocornine, 374 
| ergot, 374 
€G-A-S, 219 
© hypertension, 220, 565 
A, 374 


system, 


a 


a 


trauma, 219 
> acetylcholine, 2 


Berth tery evr virial ie 


> arthritis (rheumatoid), 400 


> anemia (hemolytic), 433 
> antibody formation, 755 
> anxiety states, 673 

> arthritis (experimental), 
(389), 390 

> arthritis (gouty), (402) 
> arthritis of rheumatic 
(592) 

> arthritis (rheumatoid), 395, 
396. (397), (398), (399) 

> ascorbic acid, 258 

> asthenic adynamic syndrome, 
654 

> asthma, 649, (761) 
=> atopic dermatitis, 738 
> blood-clotting, 450 

> blood-count, 265, 
(269), (397), 421, 
(592), (733) 
Acetylcholine > muscle, 653 
Acetylcholine s+ G-A-S, 240, 660 
(ex-  Ac-globulin, (445) 

Acid-base balance < ACTH, 206 
€ anesthetics, 206 

< anoxia, 205 

< burns, 205 

<€ corticoids, 206 

<€ drugs. 206 

id-base <€ electro-shock, 205 

€ “endocrine kidney’, 206 
<€ gravity shock, 205 

< heat, 205 

< hemorrhage, 205 

< infections, 206 

< “medical shock’, 206 

< muscular exercise, 205 

<€ trauma, 205 

€ ultra-violet-rays, 205 
< x-rays, 205 
sS G-A-S, 204 


260 


Badal 


1 


fever, 


l 


\ 


594 


aval 


(265), 
(422), 


535. 
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system, 555 


“Acidifying salts’ > cardiovascular 


“A, effect of B upon”. 
A upon B is indicated by the entry: B © A, while a general discussion of the interrelation between A and B 


1A LeU 


Pa Va Te 


UU eT Th a a 


| 


1 


Conversely, the effect of 


+> calcium and phosphorus, 201 
> capillary permeability, 750 
> chlorides, 190 


> chlorides in urine, (269) 
(347) 

> chorioretinitis, (684) 

> choroideremia, 680 

> choroiditis, 680, 681, (685) 


> conjunctivitis, (685) 
> corticoids in blood, 224 

> corticoids in urine, 223 

> creatine and creatinine, 177 
> delirium tremens, 673 

> dermatomyositis, 734 

> eczema, 738 

> encephalopathy, 677 

> erythema multiforme, 738 
> E.S.R., 443, (733) 
> E.S.R. in rheumatic 
592 

=> euphoria, 664, 675 

> exfoliative dermatitis, 738 
=> exophthalmos, 686 

> fibrinogen, 756 

> gastrointestinal tract. 697 

> glaucoma, 680 

> globulins, (733), 756 

> glucopenia, 267 

> carbohydrates, 124, 264, (264). 
265, (265). (397), 421. (422), 
(592), (733) 

> cardiovascular 
(733) 

> cardiovascular system < hypo- 
physectomy, 513 

> glucose in urine, 264. 265. 
(265) 
> glutathione, hat (265) 


fever, 


system, 514, 
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' chasix, 672 AGTP, 25 ; { 
ACTH Zemin (397), ACTP + uric acid and allantoin ‘ Pe atng 335 f 46 — diseases of adaptation, 346 — > ovaries, 368 
mney iy 733) ‘ 181 PRdresalngco nickels, 399, 335, — exhaustion atrophy, 312 — + phagocytosis, 749 
(592), (73 nulocytic) Acute hematogenous interstitiel ne- > a pee y 309 — fatty metaplasia, (293), 288 — +> phosphatases, 253 
= en (gra ytic), phritis, 633. s Ses ipiutamic acid — fibrinoid degeneration, 288. — -> potassium intoxication, 62 
34), — interstitial nephritis, 633 aS ENG licat 2 (295) — > potassium, 198 
= fe ae, — -s — porphyria S G-A-S, 270, 484 | - Sapuene ee — giant-cells, (293) — > proteins, 174 
435, ( ). — yellow atrophy of liver s G-A-S, — € py er iligenses — hemopoiesis in, (295) — > pyruvic acid, 138 
— > liver, 717 ; ae a ; ; SS eis, S27 — hemorrhage, 302 — renin in blood, 228 
= 3 = pe eng re Adaptation (dissociated), 476 im Ae 339 | = = RPS. 340 of md perenad iS ea es 3 Tesletesices 61 
— -> liver lipids, 141 — energy, 13, 54, 82, 102 ‘cytotoxic sera’’ - € scarlet Kauss a - hyperactivity € G-A-S, 348 — +> sodium, 191 
— > Loeffler's syndrome, 649 — theory of shock 95 © DCA, (301), (331j 2, 1 - € (Aer 32 — hyperemia, 289, (296), (330) — ->thrombo-angiitis obliterans. 
— > lupus erythematosus, 730, — to trauma, 1 = DDD, 290, 329 °!)+ 333, 339 pacacno 5 - hyperplasia, 287. (293) 588 
(730), (731), (732), (733) =, © adrenalectomy, 62 Y < debilitating Yj eee ye" a5. - hypertrophy, 287. (293) — > vasopressin, 221 
- > lymphosarcoma, 482, (483) “Adaptation crisis’ + G-A-S, 67] Sette seater, 315 =, iS eenatstcep 3 i. Mr maces eal a ~ Sava ase 
— +» fysoeyme, 247, 705 pepoiive engyaes chs 254 < denervation, 344 oan 329 - SS DPT fever 309 — lipids blocks in, 317 — > water balance, 215 a 
isonism % G-A-S, = dibenami 3 Si : - : 2 — lipid-granules, 287 — > water intoxication, 
= Smee cm | aR rie ne Sn “ACTH, 422 
— > “moon face", 728, (731) Lg eaint eae (ais patheria, (303), ging — €stimuli, 329 _ als € various” 500), Z  bieedrcount < ACTH, 422 
— 5 meltiple sclerosis, 672 > blood-count, 42 315), 316, 322 15, € streptococcus, 310. 3! lipids S G-A-S, 290, (300) > 1 5). 126 
— > myasthenia gravis (654) — —- blood-count € corticoids © diseases, 309 ze € sulfur derivatives. 1 (301), (314), (315) a pa eS abe bee ee 2 
ghd - i — - CK, a 
= S myotonia ‘ateophica, 654 425 4 < drugs, 317 ~ €TEA, 344 — lymphatic foci in, 316 - > ets on 
— — > blood-count € trauma, 425 — <<} dysente i ins, 323 ~ lymphoid metaplasia, 289 — > — € emotions, 2s 
— > nasal polyps. 686 . y ry, 312 — € tenia toxi G-A-S, 373, (373) > — € formaldehyde, 125, 
— > neoplasia, 769 — — > cardiovascular sys- ~ © electric injury, 305 — €testoids, 333, 336 341 — medulla in G-A-S, 5 - reocTeee 
— > nephritis, 637 tem © DCA, 533 — = pmodonenaaa Ge sareticeger yheos)> (299). = pein Ben ae — > — € hemorrhage, 126 
— +> nephrosis, 639 — — > nervous system, 674 — © “essential” hypertension, 31 (301), 340 _ ‘ = myeloid foci, i =e Cie eee ee ie 
— > neurodermatitis, 738 — — > skin, 728 ~ © estradiol, (331) : = € thiamine. ap ag SSE ae ration, (295) (125), 126 
ie . — — uric acid and allantoin, — € fasting, 346 — €thioureas, 32 — myeloid transform + (2 a 125 
oe nots 181 — <€ fat, 336 — € thirsting, 329 — Slumen’’ formation, 289, (296), — > ~ ) ee ee eT 
hon “FEN. F ait “ys : | 343 297, 302, (303), 305, 313 - > - typ! P 
— > optic neuritis, 680, (683) Adenosine derivatives > blood-pres- | fatty-acids, 33] — € thymectomy, fa Sess net Bee =.  cardiovesctine ayeuase us 
— > pemphigus, 738 sure, 239 — © folliculoids, (300), (391) pS een ed can =. showphersch Tat etGoASaO7 514 : 
— > pepsin 247 — diphosphate and triphosphate: 333, ae 340, 341 j =e aa a - Planmelbgen-araniten 287. 297 — > hemopoietic system < ACTH, 
= 4 cf. ADP-ATP, 178 — € “food shock", 324 ae a3 i ; s, cf. adren- 473 
ut ze Bee een, sad Adenylic nucleotides -> arthritis — < formaldehyde, 339, 342, = of | See i eae ares a ere Seyaaees — >-— — € adrenaline, (473), 
— > periarteritis nodosa, 586, (theumatoid), 401 ae Friedlander's bacillus, 312 — €thyrotrophin, 337 , — “toxic involution’, 290 gee terin, 475 
(586) — — > hypertension, 575 —~ € frostbite, 304 ~ € thyroxine, (295), 334. 335, — transplants > cardiovascular sys-  — > ~ ~ € aminopterin, 475 
= i i i 7 Adipose tissue € corticoids, 140 — €G-A-S, 290. (291) tem, 523 — > — — € amino-terop . 
> pericarditis of rheumatic fever, A 342 A tropin, (473) 
592 — — € emotions, 139 = ps eee 322 — € tissue extracts, 321, 340 - faaay eae > hemopoietic sys-  — K hae pret 473 
~ itoniti —- —€G-A-S, 139 = glucose, = ic sera. 317 tem. 47! ‘f - Che apd 
-3 Phagocytoss, (472 te = = € hunger, 139 = Sse = = trauma, (301), 332, 339 = fransplants > leukemia, 435 = 58 6 golekicings 75 
— > phosphat » 253 : — — € sex hormone, 140 — © gum arabic, — €trypanosoma hippicum, 316 — x-irradiation > cardiac disease, = - 
peng ete (684) — — € somatotrophin, 140 — € heat, 304, 305 — €tularense, 315, 316 580 a a nae (473) 
— > pneumonia. 646 — —$G-A-S, (278) — € hemorrhage, 302, 332 — €tumors, (339) = “X-zone’’. 337 . 48 = >= a folliculoids, 474 
— > poliomyelitis, 677 Adiposity + G-A-S, 267 —~ € heredity, 345 = € typhoid, 309. 312 Fein So nee aS € formaldehyde, (473) 
= oe poliomyelitis, ADP-ATP < arthritis (rheumatoid) — ¢€ histamine, 320 — € urethane, 319 Adrenaline < G-A-S, 221 ; Sei a Tateotlay ATA 
me ios se ‘ — 401 ‘ — € hypertension, 312, 313. (314), — €urine extracts, 321 AGEs vt > ACTH metabol- — zs —=— cage eaklaees (O78) 
~ n urine, é 568 — € vagotomy, 344 ism, 2 e a ds, 475 
ee} yb ess AIL hypophyseal stalk _ lesions, — € varicella, 312 — + adaptation, 62 — >= — € mustards, 475 
= eperaaeive muscular dys-  — 2 oe rece ie blood, 225 on sale Be an - Sears. 321 = } sminc-acish, 161 2S Bra eee stimuli, 
Y- a Dp — € hypophysectomy, (293). — € vitamin-A, 325 = anoxia, 3 = terone, 474 
= 3 Radia a z < rene aces 179 (300), (301), 329. (330), = iS vita Be on Siig, Seen ROAY (aeenanth 2 3 Se > pyridoxine, died 
= eins = * = i a , - = 
reed : 4 (331) vital » 32 > — — E testoids, 474 
— > psoriasis, (735), (736) . ischemia, 179 i i 12, 316, 317 — €vitamin-E, 328 wi 74 
(737), 738 ‘ — € kidney, 611 oS Be — € Waterhouse-Priderichsen, 310, — S-ascorble actd, 258 « = — Seems 4 
— > psychoses, 675 — € purines and nucleic acids, — € insulin, 312) 3340242 322, 327 — > blood-clotting, 450 ae as pe € thyroidectomy, 475 
— > regeneration, 767 8 — € intestinal occlusion, 312 —~ © xrays, 305, 331 Eee Se SOE FRIAR See OS <€ trauma, (473) 
— > retinitis. 680, (683) — € shock, 89, 95 — € intracranial pressure, 314 = € yellow fever, 309 — >— — € nervous sti F Be eae, etn a 
— D> retrobulbar neuriti 680 — € trauma, 179 sedis ave 0S >. cf. adrenalectomy. adrenal — > blood-count, 424 € X-rays, 475 
= > theumatic due’ © eye, Adrenal(s) € ACTH, (300), (301), . — Pa ee S12 hormones, adrenal diseases = > bieod-suger, 124 Te ce ipeeeikeumeentas 184 
680, 681 . : 332, 334 x i diseases, 313 se lood-sugar, 12.4 — >BMR. eo , G-A-S. 134 
; — €kidney dise — i = ture, 115 Saga Oe : 
= zs riots fever, 592 ce = Sepa eee eo meee — <€ LAP, 338 = ze Pe ia = ze se a — > kidney ee cis 
Sate = mules Sosliaay, aia = eee Eee Psi = >NPN., 155 = Dicepiilary permeability, 20am anes 
> seborrhea, 728 € adrenaline, 333, 337, 344 — € luteoids, 341, 34 stances’ + — > sodium, 191 — > cardiovascular system, 517 — > liver € ACT ain 
— > serology, 755 = py asc blocking agents, — € ‘macromolecular subs Pe ome ee =. 5 chionde eta polea enol aS <_ hepateciammy (partial). 
a F fra te Se F ; 
EOE a Mid la € age, 341, 345 2 aastolditie, 202 = 2 SNS. theories, 37 — 3 eee ee a Sine GASI Te 
= ‘ nomenon, 756 , D — € mastoiditis, “> Shwartzman phenomenon, 312 — -> DOPA, NPN: € anoxia, 156 
2 skin. 728. (729) © allergy, 317 — € measles, 309 12 Adrenal(s), adrenaline in < various — > folliculoid overdosage, 63 >N. brectomy, 156 
— > sodium metabolism, 190 € alloxan, 318 — € medical shock. of ction. 31? cf. adrenals € various = inal tract, 697 bs hee SL Rae 3 
— ® sodium in sweat, (269) © amino-acids, 336 € meningococcus inte { = amitotic division (293) - ‘ 
— > sodium in urine (269) © anaphylaxis, 317 a <& “menstrual toxin’ 96 331. “~ artery constriction —> cardigan 
(397), (592) a . € anesthetics, 344 = € muscular exercise, scalar system, 519 - 
> spleen, (733) € anoxia, 307. 340 ~ 339, 340 301), 312 ~ ascorbic acid < various, cf. — 
> splenine-A, 239 € anthrax, 312 x (20 ~ 


crotic tissue: adrenals © various 
€ anti-kidnev serum, 340 $6539) is ascorbic acid =; G-A-S. 
€ aortic insufficiency. (314) nephrectomy, 339 ; 
< APE, (293), (295) € nephritis, 312. 7 
< A-R, (291), 291 € nervous stimu! 
€ arteriosclerosis, 313 € nicotine, 
€ ascaris toxin, 323 € nor-adi 
€ ascorbic acid, 327, 346 € ovaries 
€ asphyxia, 307 
€ atropine. 339 
bacterial toxins. 322 
© barbiturates. 318 
< beri-beri, 325 
€ brain pressure, 314 
<€ Buerger’s disease, 314 
€ burns. 302, 332 
© carbohydrates, 336, 346 
€ caryoclastic roisons, 319 
€ castration, 340 


> sulphur metabolism 202 
Sweat secretion, (269) 

temperature, (733) 

testis, 360 

tuberculin reaction, 756 

tuberculosis of larynx, 648 

tuberculosis of lungs. 648 

ulcerative colitis, 705 

uric acid, 265. (265), (269) 

uric acid, 18] 

water balance, 214 

diabetes mellitus. 264 

vasomotor rhinitis, 686 

uveitis. 680, 681 

urticaria, 738 

uropepsin, 247 
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Adrenaline -> capillary permeability, 
750 
> cardiovascular system, 
> — € adrenalectomy, 518 
> — € DCA, 530 
> — € sympathectomy, 521 
> cholinesterases, 252 
> corticoids in blood, 224 
> fibrinolysin in blood, 248 
> gastrointestinal allergy, 705 
> gastrointestinal tract, 696, 098 
> gastrointestinal tract €_ his- 
tamine, 701 
> hemopoietic system, 476 
> histamine, 243 
> hyaluronidase, 250 
inflammation, 747 
ketones, 147 
kidney, 619 
kidney € adrenalectomy, 619 
lactic acid, 137 
lung, 644 
muscles, 653 
nervous system, 665 
N.P.N. € G-A-S, 156 
phagocytosis, 749 
potassium, 198 
proteins, 175 
“renal shunt’’, 619 
resistance, 64 
serology, 758 
temperature, 115 
thyroid, 353 
> water balance, 214, 215 
s G-A-S, theories, 377 
actions, ‘‘paradoxical’’, 520 
— derivatives > cardiovascular sys- 
tem, 521 
in adrenals < various, cf. adren- 
als © various 
in blood emotions, 504 
— €hypertension, 566 
as stressor, 47 
in urine < hypertension, 566 
drenergic blocking agents > ACTH 
metabolism, 374 
> adrenals, 339, 344 
> blood-count, 432 
> B.M.R., 112 
> cardiovascular sys~ 
tem, 521, 550, 555, 556 
>— < DCA, 532 
> hemopoietic system, 481 
> hypertension, 574 
> kidney, 632 
> ovaries, 366 
> lung < adrenaline, 645 
=% >-—<€GA-S, 645 
Adrenergic hormones, cf. adrenaline, 
nor-adrenaline, sympathin 
Adrenochromes > blood-clotting, 450 
Adrenocortical extract > ascorbic 
acid, 258 
— > capillary permeability, 750 
— > hyaluronidase, 250 
— > malformations, 770 
— > neoplasia, 770 
— > thyroid, 353 
Adrenolytic substances, cf. adrener- 
gic blocking agents 
Adrenoxyl + blood-clotting, 451 
Age > adrenals, 341, 345 
— > cardiovascular system, 557 
— ~> hemoglobin, 260 
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> regeneration, 767 
> resistance, 81 
Aging S G-A-S, 82, 101, 594 
Agranulocytosis ACTH, 437 
— € cortisone, 437 
7 & G-A-S, 436 
‘Air-raid ulcers" $3 G-A-S, 694 
Alanine € G-A-S, 137 
Alarm-reaction (A-R), definition, 
10 (for effect of A-R, cf. indiv- 
tdual targets and stressors) 
larming stimulus, definition, 9, 27 
Albumin, cf. proteins 
Albumin in blood <& Cushing's syn- 


drome, 285 
= ee GAR. les 
— = —$G-A-S, (279) 


INDEX 


Albuminuria (physiologic) + G-A-S, 


641 

Albumose > blood-count € splenect- 
omy, 429 

Alcoholism < ACTH, 673 

— €corticoids, 673 

— S$ G-A-S, 673 

“Alkali reserves’’, cf. acid-base bal 


ance, (280) 
“Alkaline wave'’ s G-A-S, (280) 
Allantoin < G-A-S, 178 


Allergic appendicitis < G-A-S, 70. 
cholecystitis  G-A-S, 733 
encephalitis, 667 
eye diseases S G-A-S, 680 
hyperglobulinosis + G-A-S, 760 
myocarditis, 557 
nephritis, 637 
parotitis  G-A-S, 725 
rhinitis < ACTH, 686 

llergy < corticoids, 69 

€ folliculoids, 760 

<€ progesterone, 760 

€ testosterone, 760 

> adrenals, 317 

> blood-clotting, 449 

> blood-count, 415 

> blood-count < adrenaline, 428 
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> gastrointestinal tract, 701 
> lung, 644 

Shing s/27, 

sS G-A-S, 593 

S periarteritis nodosa, 583 


S rheumatic fever, 588 
loxan > adrenals, 318 
> blood-count, 416 
> cardiovascular system, 551 
> hemopoietic system, 466 
> hypophysis, 283 
> kidney, 611 
> phosphatases, 253 
> thyroid, 352 
s G-A-S, 265 
as stressor, 40 
lylamine < G-A-S, 230 
> cardiovascular system, 509 
as stressor, 40 
lylformiate > gastrointestinal tract, 
696 
— > hemopoietic system, 467 
— +> pancreas, 350 
— as stressor, 40 
Aluminium-hydroxide -> gastrointest- 
inal tract, 702 
Amenorrhea < G-A-S, 368 
“Amenorrhea of nervous origin’, 365 
“Amenstrual ovulation'’ + G-A-S, 
363 
Amino-acids < ACTH, 161 
S adrenalectomy, 161 
< anoxia, 161 
< arsphenamine, 161 
< burns, 160, 161 
< carbon-tetrachloride, 161 
< chloroform, 161 
< cinchophen, 161 
< corticoids, 162 
< eclampsia, 161 
< ether, 161 
| evisceration, 161 
< hemorrhage, 160, 161, 162 
< hypophysectomy, 161 
€ ‘Medical shock’, 161 
© nephrectomy, 162 
€ nitrous oxide, 161 
< pancreatectomy, 162 
< pentobarbital, 161 
< phosphorus, 161 
<} somatotrophin, 161 
< thyroidectomy, 162 
< trauma, 159 
< yellow atrophy of liver, 161 
> cardiovascular system <— LAP, 
517 
— > adrenals, 336 
— > blood-count, 432 
— +> liver, 715 
— > testis, 359 
— $G-A-S, 159. (278) 
Amine-acid-oxidase < G-A-S, 253 
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>pterin 
> hemopoietic - 
Popytine > Stem, 
tem, 556 Ardiovascy, 3 
“> Pancreas, 359 fs 


\mino-t 


ease cardiac & 
. ardiovascyl, 
— < pase jystem, 555 
— © LAP, 516 


> headache, 673 
* hypertension 573 
> kidney < App 
ee © BCA, 623 87 
mmonium sulfate 
tem <a = Cardiovascyl,, 
ases © burns, 250 
< G-A-S, 250 


© trauma, 250 
\myloidosis & nucle; i 
— © urethane, 270° “i at 
a=: G-A-S, 269. 760 


= rheumatoid arthrit 
Amyotrophic lateral qlee oh 
osis < ACTH, 678 


‘Anamnestic Tesponse"’ 


a , definition, 
= = G-A-S, 758 
Anaphylactoid edema 5 

eo edema < ACTH, 756, 
— S$ G-A-S, 754 


Ausphylaan Purpura s G-A-S, 
7 


Anaphylaxis < ACTH, 756 
< DCA, 759 

< G-A-S, 56 

S G-A-S, 753 

> acetylcholine, 240 
> adrenals, 317 

> blood-clotting, 449 
> blood-sludging, 444 
> blood-sugar, 120 

> chlorides, 189 

> cholinesterases, 251 
> fibrinolysin in blood, 248 
> hemopoietic system, 463 
> heparin, 243 

> histamine, 242 

> hyaluronidase, 249 
> muscles, 651 

> phagocytosis, 749 
=> serology, 752 

=> sodium, 189 

as stressor, 39 
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And ns, cf. testoids, 17-KS 
myeeTad > erythrocyte resistance, 
442 


hemolytic) < ACTH, 433 _ 
(ae eden) > iron metabol 
_ GAS, 119, 133 - 
“Anemia infantum paendoletos 
mica’ & G-A-S. in a 
i corticoids, ; 
ere Ss acid-base balance, 206 
— > adrenals, 344 , 
— > blood-clotting, 44 
— == blood-clotting cS 
Sti ed unt. 430 
— => blood-count,. 
Anestriaeey G-A-S. FERS 363 
“ovulation” = 
Angiotoataa cf. hypertensin 
Angiovyl, 244 1s” 
“Anitschkow cells 
Anoci-association, 4 
*“‘Anovular cycl : 
Anoxia € 24 
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Anoxia > blood-lipids, 144 
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blood-sugar, 119, 132 
zs B.M.R., 111 
> body temperature, 
> bones, 383 
> cardiovascular syst 
> cardiovascular systes 
otomy, 519 
> cholinesterases. 
=> chlorides, 188 
> erythrocyte resi 
> gastrointestinal 
=> glycogen, 133 
> glycogen < adre 
134 : 
> — € glucose, 135 
> hemopoietic system 
> histamine, 242 
> kidney, 608 . 
> lactic acid, 136 
liver, 714 
> liver lipids, 141 
> lymph-flow, 487 _ 
> nervous system, 661 
> N.P.N., 153 
> N.P.N. < adrenalectomy 
> ovaries, 365 
> potassium metabolism, 197 
> proteins, 169 
> “renal shunt’’, 507 
> sodium, 188 
> testis, 358 
> water balance, 211 
of tissues < shock, 94 
as stressor, 37 


251 


“Anpassungskrise’’ = G-A-S, 671 
Antergan > kidney, 632 


Anterior pituitary deficiency > skin. 
728 
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Anthelone 


— extract, cf. APE, LAP 
— extracts > B.M.R., 112 
— extracts > resistance, 60 


— hormone metabolism < G-A-S, 


219 


> gastrointestinal tract, 


701 
Anthrax > adrenals, 312 
Anti-anabolism € G-A-S, 153 
Anti-coagulants > blood-clotting, 451 


— > blood-suldging, 444 
— > regeneration, 766 


Antibody formation < ACTH, 755 


Antidiabetic APE, 124 
ntidiuretic prin 


—. site of, 753 


ple +> chloride 
metabolism, 191 
— > sodium, 191 


Antifibrinolysin, 247, (445) 


merit hive 
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Antigens, cf. allergy 
Anti-histaminics > 


arthritis (rheu- 


matoid), 401 
> cardiovascular system, 556 
P,fardiovascular system <— DCA, 


> gastrointestinal tract, 701 
istamine, 243 

> hypertension, 575 

> inflammation, 748 

> kidney, 632, 637 

= ung, 646 

ung € adrenaline, 645 

>lung & G-A-S, 645 

nephritis, 637 

leney serum > adrenals, 340 

— > cardiovascular system, 543 
> cardiovascular sys- 


INDEX 
‘Anti-stiffness factor’ -> arthritis 
perimental), 393 


AY 


| 


> histamine, 243 


hrombin 
€ ACTH, 673 
nxiety > blood-count, 411 
c insufficiency > adrenals, 
314 
PE, cf. LAP 
PE > adrenals, (293), 205 


> blood-clotting, 450 

> blood-sugar, 123 

> cardiovascular system, 514 
- hlorides, 190 

“endocrine kidney”, 626 
gastrointestinal tract. 697 
> hemopoietic system 470 
> hyaluronidase, 250 

> ketones, 147 


> 


> kidney, 615, (617) 
> liver, 717 

> liver lipids, 141 
> muscles, 652 

> N.P.N., 154 


> pancreas, 351 
> pregnancy toxicosis, 370 
> regeneration, 767 


> sodium, 190 

> water balance. 214 

> kidney <€ _ hypophysectomy, 
615 


> kidney © ammonium chloride. 
(617) 

antidiabetic, 124 
Pancreatotrophic, 124 


Appendicitis + G-A-S, 55, 456, 688, 
689, 705 

Appetite for sodium € renal hyper- 
tension, 670 

A-R, cf. G-A-S 

*“Arbeitsdienstamenorrhée’’, 366 

Arginase < G-A-S, 254 

Arsenic > blood-count € splenect- 


omy, 429 
> hemopoietic system, 466 
> nervous system, 663 


— -> proteins, 172 
“Arsine’’, cf. vesicants, 321 
Arsphenamine > amino-acids, 161 


Arterenol > cardiovascular system, 
521 

“Arterial pressor substances’, 233 

Arteries, focal necrosis of, 588 


Arterio-venous anastomoses in heart, 


1 ae 


493 
Arterioles 


(terminal) < DCA, 535 
© muscular exercise, 506 


Arteriosclerosis © diets, 583 


< lipotropic factors, 583 
< muscular exercise, 506 
<} sympathectomy, 583 
| testosterone, 582 
> cholesterolases, 582 
> fibrinolysin, 582 
> lipophages, 582 
> sodium, 582 
adrenals, 313 

cholesterol in blood, 581 


197. 


— € horse serum, 387 

— € LAP. s90 

— € mustard, 392 

— € pleuropneumonia, 390 
— € proteins, 387 

— € stimuli, 390 

— € testoids, 393 

— € ultra-violet rays, 390 
(gouty) <+ ACTH, (402) 
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— € cortisone, (402) 
(rheumatic fever) < ACTH, 
(592) 
— (rheumatoid) €© acetoxypregne- 
nolone, 400 


1 


— € acromegaly, 395 

— € ACTH, 395, 396, 
(398), (399) 

— € Addison's disease, 394 

— €adenylic nucleotides, 401 

— € adrenaline, 400 

— € anti-histaminics, 401 


(397), 
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— € ascorbic acid, 400 

— € ATP, 401 

— € combination of _ steroids, 
400 

-- € ““Conteben", 401 

— € cortical extracts, 400 


— € cortisone, 397, (399) 

— € Cushing's disease, 395 
— € DCA ascorbic acid, 400 
— € desoxocortisone, 401 

— € glucuronic acid, 401 

— € insulin, 400 

— € niacin, 401 

— € plasma, (postpartum), 401 
— € pregnenolone, 400 

— € progesterone, 400 

— € steroids (various), 400, 


401 
— €"Tb.l.", 401 
— € testosterone, 400 
— € thiosemicarbazones, 401 
— € thyroid diseases, 395 
— > blood-count, (397) 
— > blood-sugar, 395 
— > chloride in urine, (397) 
— > corticoids in urine, 395 
— > ES.R., 443 
— > folliculoids in urine, 395 
— > globulins in blood, 395 
— > glucose-tolerance curve, 
9) 


VP We a eae 


PU eh ea Yt 


— — > histidine in urine, 395 
— — > 17-KS in urine, 394, (397) 
— —- pregnanediol in urine, 395 


— > sodium in urine, (397) 
— & amyloidosis, 270 
“Arthroses’’ > folliculoids in urine, 


395 

“Arthus phenomenon’’ > _ heparin, 
243 

- —sGA-S, 747 

Artificial fever > cardiovascular 


system, 557 b 
“Artificial kidney” > cardiovascular 
system < nephrectomy, 538 
Ascaris toxin > adrenals, 323 
— — > blood-clotting, 449 
— > hypophysis, 283 
— — > ovaries, 


— > testis, 359 
in heart, 493, (495) 
. ce 


i 


DCA. c " 
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scorbic acid € vitamin-A, 257 
ig “> adrenals, 327, 346 
— — > arthritis (rheumatoid), 400 
— — cardiovascular system, 
DGA,,, 532 
— > cold exposure, 79 
— > kidney, 632 rs 
— > lung € G-A-S, 645 
—>NP.N., 159 
— > resistance, 79 
— in adrenals, 288 
— —sG-A-S, 297 
— — € various, cf. adren- 
als © various 
Asphyxia > adrenals, 307 
— as stressor, 37 
Asthenic adynamic syndrome < AC- 
TH, 654 
Asthma < ACTH, 649, (761) 
— $G-A-S, 649 
— hyperthyroidism, 354 
Atherosclerosis > adrenals, 313 
— + giant lipid-molecules, 579 
— + lipoprotein-molecules, 579 
Athlete's sickness = G-A-S, 595 
Athrocytosis in kidney, 612 
Atmospheric pressure, cf. anoxia 
— — (increase) > blood-count, 


13 

ATP. cf. ADP-ATP 

Atomic bomb, cf. ionizing radiations 

Atopic dermatitis < ACTH, 738 

Atrophy of adrenals, 287. (293) 

Atropine -> adrenals, 339 

— > anaphylaxis, 753 

— > cardiovascular system, 553 

— > gastrointestinal tract, 696, 702 

— > histamine metabolism, 242 

— > pancreas, 349 

— as stressor, 40 

Auditory stimulation ->  cardiova- 
salar system <€© adrenalectomy, 

“Auto-antibodies’’ nephritis, 611, 
637 

Autonomic drugs > cardiovascular 

system, 550, 555 

— —-> hemopoietic system, 480 

— —-> hypertension. 574 

— —-> resistance, 77 

Autonomic neryes in G-A-S, 373, 
(373) 

“Avian Bright's disease’. 641 
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Bacteria > spleen, 458 
Bacterial toxins < corticoids, 68 
— > adrenals, 322 
— > ascorbic-acid, 257 
— > blood-count, 417 
— > cardiovascular system, 508, 
Sad, S47 
— > cardiovascular sys- 
tem < DCA, 532 
— > gastrointestinal tract, 696 
— > hemopoietic system. 466 
— > liver lipids, 141 
— > neoplasia, 769 
— SNP UN... 154 
— as stressors, 39 
Dactariak vaccines > 
BAL 3 arthritis (experimental), 390 
a8 > cardiovascular system, 556 
Ball thrombi" in heart < G-A-S 
494 ‘ 
Barbiturates > adrenals, 318 
— > arthritis (experimental), 387 
Barium > cardiovascular system, 509 
Beemdiy! > cardiovascular system. 
— > resistance, 77 
Benzene + blood-count, 431 
— > proteins, 172 
Benzodioxane > hypertension. 575 
Beri-beri > adrenals, 325 
Bilateral renal-cortical necrosis. 635 
Bile-duct ligature > bones, 383 
— — => hypophysis, 282 
— — as stressor, 29 
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temperature, 
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Biophylaxis, definition, 20 
Birds, G-A-S in, 341 
Birefringent granules in 

(315), (326), 466 
“Blast hypertension’, 561 
Bleeding-time, cf. blood-clotting, 44¢ 
Blepharitis + G-A-S, 686 
Blood amino-acids, cf. amino-acid 
Blood-chlorides < G-A-S, cf. chlor- 

ides, (117) 
Blood-clotting < acetylcholine, 449 
< ACTH, 450 
€ adrenalectomy, 450 
< adrenaline, 450 
< adrenochromes, 450 
€ adrenoxyl, 451 
<€ allergy, 449 
€ anaphylaxis, 449 
€ anesthesia, 449 
€ anoxia, 448 
€ anti-coagulants, 451 

< APE, 450 

€ ascaris, 449 

< burns, 446 

€ cold. 446 

€ corticoids, 451 

€ dicumarol, 451 

<€ diseases, 448 

< drugs, 449 

€ electro-shock, 447 

< emotions. 447 

< ether, 449 

< G-A-S, 248, 445 

< heat, 446 

< hemorrhage, 248, 446 

< heparin, 451 

€ infections, 448 

€ ionizing rays, 447 

< macromolecular substances, 
449 

< ‘medical shock’’, 248 

< muscular exercise, 447 

€ nervous stimuli, 447 

< peptone, 449 

<€ quinine, 449 

< “‘Sanarelli-Shwartzman _ phe- 
nomenon’’, 448 

€ shock, 89 

€ snake venom, 449 

€ “splenin-A & B'’, 450 

<€ stimuli, 450 

< “‘thrombocytopen”’, 450 

€ thyroxine, 451 

€ trauma, 248, 446 

€ trypsin, 449 

€ vesicants, 449 

< Waterhouse-Friderichsen, 
448, 449 
— > serotonin in blood, 248 
— + blood-pressure, 236, 237, 239 
— theories, 445 
Blood, CO. cf. acid-base balance 


Blood-copper, cf. copper metabolism 

Blood-count < ACTH, 265, (265), 
(269), (397), 421, (422), (592). 
(733) 

- s ACTH + hypophysectomy, 

1 

€ Addison's disease, 421 

< — + corticoids, 425 

< adrenalectomy, 424 

<— 4 ACTH, 422 

< adrenaline, 426 

< — + adrenalectomy, 424 

< — + hypophysectomy, 421 

< — 4+ splenectomy, 429 

<€ adrenergic blocking agents, 432 

€ albumose + splenectomy. 429 

€ allergy, 415 

€ allergy + adrenaline, 428 

€ alloxan, 416 

€ amino-acids, 432 

< anesthetics, 430 

€ anoxia, 413 
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€ anti-pernicious-anemia pri 
ciple, 431 

€ anxiety, 411 
€ arsenite + splenectomy, 


tl 


€ anoxia + adrenalectomy. 426 


~ arthritis 


(theumatg; 
> atmospheric u@atoid), 
crease), Aiea Pressure (37) Blood-count € nervous zi 
= bacterial to, : 


xins, 417 


enzene, 43} € nucleic acids. 41 , - 


S burns s antothenic acid, _ 
< cancer hen a oy ey pt ACTH. x 
= choline -} aie A22 aS aoe, 2 e 
= cobalt, 432 nalectomy, 425 ~ € parapicnts: as as 
© colchicine, 417 SINS peunse i as drer e 
<= cold, 407 — €pilocarpine + & 
< — + ACTH, 423 3 ae = 


: € pneumococcus 
omy, 425 : 

€ pregnancy, 420 

€ pregnancy toxicosis 
€ protein-deficiency,_ ” 
€ psychoses, 411, 674 
€ pteroylglutamic acics, 
€ pursuit meter, <1 
€ radio-phosphorus, 43 
€ R.E.S. blockade, 430 
€ riboflavin, 420 s 
€ salvarsan + splenectomy. 
€ sodium + splenectomy, 
€ spinal-cord transection, - 
€ spleen + corticoids, 428 — 
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- coli bacillj 
= acilli +4 splenectomy 


constitution 
cortical exh Se 2 
corticoids, 425,” 
— + adrenalecto, 

t adrenaline, 427 
<- ushing’s di 
< — + leukemias, 28° te 
— + spleen, 428 
cortisone, 428, (591) 
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diets, 419, 432 

diseases, 413 

diurnal variation, 420 : 

— € drugs, 416. 431 

— < Eck-fistula, 430 

— €© electro-shock, 409 

— € electro-shock + adrenalectomy, 

425 : 

— € emotions, 409, 410, 411 

— € fasting, 420 : 

< folliculoids, 431, 432 | 

< G-A-S, 404, (405), (438) | 
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€ splenectomy, 429 
€ stimuli, 420 
€ sulfa drugs, 418 
€ testoids, 421 a 
€ thioureas, 418 
€ thorium, 431 r 
<€ thymectomy, 430 
€ thyroidectomy, 430 
€ thyrotrophin, 423 
€ thyroxine, 421 
€ tissue extracts, 418 
€ trauma, 406 
€ trauma + ACTH, 423 
€ trichinosis, 419 
< — + adrenalectomy, 426 
<€ — + adrenaline, 428 
€ — + corticoids, 425 
< turpentine, 419 
€ typhoid vaccine + adrenal- 
ectomy, 425 
€ ultra-violet rays, 409 
€ urethane, 419, 431 
<€ — + adrenalectomy. 426 
€ — + adrenaline, 428 
© vaccines, 417 
<€ vasopressin, 423 
© vesicants, 419 
< War, 413 
€ x-rays + adrenalectomy, 425 
<€ — + folliculoids, 431 
= - t pypopbysectomyss 421 
| yi ae splenectomy, 
< histone = blood aludging. 444 
y! <= G-A-S, summary, 440 
427 , F, splen- — SS — theories, 437 
€ hypertonic solutions cP Blood diseases of adaptation, 432 
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< glucose, 417 

< — + adrenalectomy, 426 

< — + splenectomy, 429 

< gonadotrophins, 423 

< heat, 408 

€ — + ACTH, 423 

< “heat puncture” + adrenal- 

ctomy, 425 he 

& 2 hy moclastic crisis”, 417 

€ hemoglobin, 417 

< hemorrhage, 406 5 

€-+ adrenalectomy, 4 a 

€-+ hypophysectomy- 

€-+ splenar 
eredity, 

Z . -++ ACTH. 423 
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— € hypopituil 427 <S anoxia, — 
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= ce adi Mtoe 409. & = 5 burns, ; 144 
— € hypothalamic Terre = I, 143 = 
= & infections + ™ = corticola, 145 = 
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— € insulii — €DCA. 145 
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ood-pigments < G-A-S, 259 Blood-sugar < ACTH, 124, 264, 265, 


i-polypeptides < G-A-S. 162 (265) 

< hepatic insufficiency, 162 — € adrenalectomy. 124 

< hypertension, 162 — € adrenals, 124 

< infections, 162 — € anaphylaxis, 120 

<€ intoxications, 162 — € anoxia, 119, 132 

< kidney diseases. 162 — <€ APE, 123 

< myocardial infarction, 162 — € arthritis (rheumatoid), 395 
€ neoplasms, 162 — € burns, 118 

< nephritis, 163 — €cold, 131 


< syndrome polypeptidotoxique. — <€ defibrinated blood, 120 
162 ; — € diet, 119 
< trauma, 162 — € diseases, 120 


€ electro-shock, 120 

© fasting, 119 

€ folliculoids, 130 

< formaldehyde, 131 

<€ G-A-S, 116, (117), (277) 
€ gonads, 130 

€ hemorrhage, 118 

<€ hypertension, 564 

<€ hyperthermia, 120 

€ hypophysectomy, 122, (122) 
€ infections, 132 

€ inflammation, 120 


ood-potassium, cf. potassium 
vod-pressure € adenosine deriv- 
atives, 239 

< allylamine, 230 

€ angioxyl, 244 

€ antirenin, 233 

< “‘arterial pressor substance’, 
233 

< burns, 501 

€ contranephrohormone, 233 

€ depressan, 244 


< depressor substances, (va- € ionizing rays, 118 
rious), 244 € metrazol, 120 
< DOPA, 230 


< muscular exercise, 119, 131 
€ nervous stimuli, 118, 130 
€ prolactin, 123 

somatotrophin, 123 

stimuli, 122 

thyroid, 131 

tourniquet shock, 132 


< ferritin, 234 
< hemolysis, 238 
< “‘histamine-like 
244 

€ hydroxytyramine. 230 
< hypertensin, 229 


substances"’, 
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< hypertensinase, 229 trauma, 117, 132 
< hypertensinogen, 228 urea, 120 
isoamylamine, 231 uric acid, 120 


kallikrein, 244 
lymphogangline, 244 
muscular exercise, 506 
nephrin, 232 
nephrohormone, 232 
nephrolipin, 232 

nicotine, 231 

padutin, 244 

pepsitensin, 230 
peptidases, 246 

< “peripheral vasoconstrictor 
substance’’, 234 € adrenaline, 112 

€ pressor substances in digests € adrenergic blocking 
of kidney tissue, 230 112 

€ pressor substances in putri- € anoxia, J11 

fied muscle, 231 <€ APE, 112 

€ pressor tissue-degradation- € corticoids, 113 
products, 231 € electro-shock, 111 
€ renin, 228 € malnutrition, 111 
— 
<< 


< vasopressin, 124 

< X-rays, 118 

in veins of injured limb, 122 
lood-vessels, cf. cardiovascular sys- 
tem, 489 

€ corticoids, (699) 

€ cortisone. (478) 

< DCA, (477), (478) 
occlusion as stressor, 30 

lood volume, cf. water balance 
.M.R. € adrenalectomy, 112 
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agents, 


€ “‘renin-substrate’’, 229 glucose, 111 

€ renipressin, 233 hemorrhage, I11 

€ “‘resistine’’, 244 < hypophysectomy, 112 

< Spatgift, 236 € thyroidectomy, 113 

€ “‘substance-P"’ of v. Euler € trauma, 110 

and Gaddum, 244 € xrays, 111 

€ ‘‘sustained pressor principle”. + G-A-S, 103, 110, (277) 
233 Body temperature. cf. femperature 
€ tubulin, 233 Boeck’s sarcoid & G-A-S, 593, 739. 


< trauma, 499 760 
< tyrami: 30 Bones < ACTH, 385 
€ urohyp — € anoxia, 


duct ligature, 383 
385 
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> histamine metabolism, 242 < resins, 579 <€ kidney extracts, 546 — € — DCA, 531 € diphtheria, 188 


> kidney, 605 


INDEX 801 
+ € serous atrophy of, — —-—€G-A-S, 199 = eo. 
asa ee ee arent? shocks, 200 ©, “acidifying ars 
— - tissue in adrenals, (295) — — — € hemorrhage, 200 531 pi +Dea Cardiovascular system < dextro — — € nephrotoxic sera, 543 — — 5 G-A-S, summary, 600 
Brain < DCA, (668), (669) — — — € malnutrition, 201 ~ © acidosis, 512 ‘ DCA, S3u. __ ~ — € nervous stimuli, 504, 551, — — s5 G-A-S, theories, 596. 
— disease —> peptic ulcer, 704 — — — € muscular exercise, 200 ~ © ACTH, 514 — — € DEP, 556 : ‘3 (596) 
— ischemia -> cardiovascular sys- — — — € trauma, 200 ~ = ACie ary ~ — € diabetes. i i an Carotid sinus > cardiovascular 
ay — in tissues ; G-A-S, (280) 513 YPOPhYsectom, eter cucioeen ne A A ae system, 553 
— metabolism < DCA, 670 — in urine  G-A-S, (279) ~ © Addison's; ee es eae therapy, 537 -- 2 hypertensin ta blood, 229 
i . = i =. i , ce ee Bf yey 
= Pressure - adrenals, 314 Sante ea eeautiae tumors, 768 < adrenergic ble 533 pares e- niecanes, in pancreatectomy, 546 “iGarvncbieaeantane ", 20, 456, 465 
“purpura” = G-A-S, 658 > blood-count < ACTH, 422 521, 550 ing ag B, 54 ~ — e =n Bao “ ,29 , 
= BaD x domoaki 2 a » 555, 556 ents, — — € drugs, 508, 254 a ay Caryoclastic poisors'’ —> adrenals, 
— tumors > hypertension, 562 > gonadotrophin, 219 <-— - ner < parabiosis, 547 
i aoe vet ie i i 2 > =a DG — — € drugs, + nerv nee oe 319 
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512 
Dextrose > — — € DCA, 531 
— -> gastrointestinal tract, 702 
DEP (di-isopropylfluorophosphate). 
130, 252, 556, 653 
— > blood-sugar < G-A-S, 130 
— > cardiovascular system, 556 
— > cholinesterases, 252 
— > muscles, 653 
Diabetes —-> cardiovascular system, 
551 
— > mellitus s G-A-S, 263. 
352 
Diabetogenic hormone, 351 
Diapedesis + G-A-S, 748 
Diarrhea + G-A-S, 688 
— infantile + G-A-S, 101 
Dibenamine -> ACTH metabolism. 
374 
> adrenals, 339, 344 
> blood-count, 432 
> cardiovascular system, 550. 
556 
> hemopoietic system, 481 
+> hypertension, 575 
> ovaries, 366 
> resistance, 77 
icumarol > blood-clotting, 451 
+> blood-sludging, 444 
Diencephalic hypertension, 562 
Diet, cf. malnutrition 
“> adrenal, 323, 335, 340, 346 
+> arteriosclerosis, 583 
+> blood-count, 419, 432 
+> blood-lipids, 146 
+> blood-sugar, 119 
> — < insulin, 129 
> bones, 384 
+> cardiovascular system. 510, 
548, 549, 554 
>-— — <LAP, 516 
> gastrointestinal tract, 696, 


702 

+> hemoglobin, 259 

+> hemopoietic system, 467+ 
481 

-> hepatectomy (partial). 721 
> hypertension, 570 

> hypophysis, 284 

> kidney, 612 

Fs kidney <€ hypophysectomy, 
15 

> liver, 715 
> neoplasia. 769 
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nae © GAS is 

eneration, 7, . 

» resistance, 7s 

» testis. 359 

> VEM-VDM. 235 

* war-nephritis””, 638 
ater balance, 217 
stressor, 47 : 
> collagen disease” — GAS 


cergocornine +> 
» hypertension, a74 374 


xyphenylalamine, cf. DOPA 
>ropyltluerophosphate, cf 


heria > Corticoids, 68 

> adrenals, (303), 2 = 
5), 316, Ali ye 312, 35, 

> cardiovascular s: a 

5 chloride, 1889 2: amas 

> hypophysis, 283 

salt solution test, 

743 

- -> pancreas, 350 
> sodium, 188 

— -> thyroid, 352 
=> G-A-S, 100 

Diphtheria-toxin > 
blood, 224 

Diseases —> absorption, 743 

— > adrenals, 309 

— > ascorbic-acid, 257 

— = blood-clotting, 448 

— > blood-count, 413 

— = blood-sugar, 120 

— > bones, 384 

— > cardiovascular system, 507. 

547 

> cholinesterases, 251 

> erythrocyte resistance, 442 

> E.S.R., 443 

> gastrointestinal tract, 696 

hemoglobin, 260 

hemopoietic system, 463 

hypophysis. 282 

kidney. 

liver-lipids, 142 

nervous system, 662 

ovaries, 

proteins. 170 


corticoids in 


itamin-A, 255 
‘Adaptation, classification, 15 
definition, 13 

primary, 15 

rey ee 1 be: 
pag re | definition, 18 
civilization, 17 158.183 
“Dispensable protein AS AG 
Disse’s spaces 07", 16 
Dissociated adaptation. 
Dissociation of symp! 


cf. water balance 
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s > cardiovascular 
Oe O8. 547, 554 
ye — — nervous 
> chlorides, 189. 
> gastrointestina! 
7o2 . 7 
> hemopoietic system A€ 
> histamine, 242 
> hypersensitivity re 
> hypophysis, 283 
kidney, 611 
17-KS in urine 
liver, 715 
lung, 644 
muscles, 651 
nervous system, 6 
ovaries, 365 
pancreas, 349 
proteins, 172 
resistance, 76 
sodium, 189 
testis, 359 
rheumatic fever. 558 
as stressors, 39 — 
“Dry hypertension” < DCA 
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Duran-Reynals’ spreading factor. cf. 


hyaluronidase, 248 
“Dwarfism’ of G-A-S, 384, 385 
Dysentery > adrenals, 312 
“Dysoria’’ — cardiovascular system 
544 
— + arteriosclerosis, 582 


E.C.G. € ionizing rays, 503 

— € trauma, 498 

Eck-fistula > blood-count, 430 

Eclampsia < corticoids, 69 

— > amino-acids, 161 

— >renin in blood, 229 

— sG-A-S, 368 

— + vasopressin, 619 

Eczema < ACTH, 738 

— €corticoids, 66 

Edema of brain € corticoids, 670 

— cf. water balance 

Edematous pericarditis < DCA, 533 

“Edematous necrosis of the brain’’, 

676 

E.E.G. € DCA, 670 

— sG-A-S, 661 

Effort syndrome  G-A-S, 678 

Electric potential + G-A-S, 771 

— injury, cf. electro-shock 

Electrically induced seizures > cal- 

cium and phosphorus, 200 

— —— chlorides, 187 

= ——> sodium, 187 

Electrocardiogram, cf. E.C.G. 

Electro-convulsive therapy, 23 
shock > acid-base balance, 205 

— > adrenals, 305 

— > blood-clotting, 447 

— > blood-count, 409 

— > — € adrenalectomy, 425 

— > blood-sugar, 120 

— > — € adrenalectomy, 126 

— > = € insulin, 129 

= BMRA 

— > cardiovascular system, 503 

a oC seueating and creatinine, 
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INDEX 


s > acetylcholine metabolism, 
40 


+> adipose tissue, 139 

> adrenaline in blood, 504 
- -> adrenals, 332 

> blood-clotting, 447 

> — € adrenalectomy, 450 


> blood-count, 409, 410, 411 
+> blood-sugar < adrenalectomy, 


> cardiovascular system, 504 
>— — € adrenalectomy, 519 
> fibrinolysin in blood, 248 
strointestinal tract, 691, 
(693) 
rtension, 561 
S in urine, 226 

> lactic acid, 137 

> nervous system, 659, 660 
— > obesity, 267 

> ovaries, 365 
— —> peptic ulcer, 703, 704 
— > potassium metabolism, 197 
— > rheumatic fever, 590 

> RPS, 504 

> skin. 726, 727 
— > testis, 358 
— > thrombo-angiitis obliterans, 


— > thyroid, 353 

— > vagus, 504 

— => vasopressin, 220 

— > water balance, 214, 217, 221 

as stressors, 34 

Encephalin, 221 

“Encéphalite a minima’, 662 

Encephalitis (allergic), 667 

— (non-specific) s G-A-S, 676 

— (post-infectious), 667 

— (toxic), 667 

Encephalopathy < ACTH, 677 

— <€DCA, 677 

— sG-A-S, 676 

— (postanesthetic) + G-A-S, 661 

— (hypertensive), 676 

— (toxic), 676 

“Endarteritis obliterans’’ < frostbite, 
502 

— —sG-A-S, 497, 587 

Endocrines, cf. hormones 

— $G-A-S, 760 

“Endocrine arthritis’’, 395 

Endocrine glands s G-A-S, 281 

“Endocrine kidney'’ < APE, 626 
— < LAP, 626 


l 


— — €renotrophic APE, 626 
— — € testosterone, 626 
— —- acid-base balance, 206 


— > cardiovascular system, 540, 
( 
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— —>-— — € adrenalectomy, 
519 
— — >— — € hypophysectomy, 


5 
— — € LAP, 515 
—>-— — € sodium, 
— >— — € testosterone, 541 
— > chloride: 
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Ephedrine > blood-pressure < adren- 
aline, 236 

— -> cardiovascular system, 509 

Epidemic typhus > nervous system, 
662 : 

Epinephritis s G-A-S, 316 

Hegouteral > cardiovascular system, 

Ergot > ACTH metabolism, 374 

— > cardiovascular system, 509 

— derivatives > hypertension, 574 

Ergotamine > adrenals, 339 

“Ermidungsreaktion"’ < G-A-S, 262 

i Ma > chloride metabolism, 

1 

— > sodium, 188 

Erythema multiforme <— ACTH, 738 

— nodosum 4 G-A-S, 733 

Erythredema * G-A-S, 271 

Erythrocytes, cf. blood-count, 404 

resistance < anemias, 442 

— € anoxia, 442 

— € diseases, 442 

— € insulin, 442 

— € medical shock, 442 

— € muscular exercise, 442 

— € renal hypertension, 442 

— € trauma, 442 

— € “Vitamin-P", 442 

— 442 

sedimentation rate, cf. E.S.R. 

rythrophages, 457 

.S.R. < ACTH, (397), 443, (733) 

€ arthritis (rheumatoid), (397), 
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443 

< burns, 443 

< cold, 443 

€ corticoids, 443 

€ cortisone, 443, (591) 

< DCA, 443 

< diseases, 443 

<€ hemoglobin, 443 

< hypernephromas, 443 

<€ macromolecular substances, 

443 

© muscular exercise, 443 

€ pneumonia, 443 

< rheumatic fever, 443 

< stimuli, 443 

< thiosemicarbazones, 733 

€ trauma. 443 

< tuberculosis, 443 

<€ war-nephritis, 638 

< X-rays, 443 

s “‘activity’’ of disease, 443 

s G-A-S, 442 

in rheumatic fever < ACTH, 592 

Essential’’ hypertension > adren- 
als, 313 

— —-> renin in blood, 229 

— ——> VEM-VDM. 235 

Estradiol, cf. folliculoids 

— > adren (331) 

— > hyaluronidase, 250 

— > regeneration, 767 

Estrogens, cf. folliciloids 

Estrone, cf. folliculoids 

— > arthritis (experimental), 392 

“Etat réactionnel”, 23 

Bee, amino acids, 161 
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catalepsy, 667 

— neurosis # G-A-S. 663 
Extrarenal azotemia, 633 

= => MPN 150 

— uremia & G-A-S, 271 

Eye € malnutrition, 686 

— sG-A-S, 680 

— lesions -> cardiovascular system, 


558 


Experimental 


Familial hypoglycemosis, 267 

Famine > B.M.R., 111 

— cf. malnutrition 

— edema, cf. hunger edema, 270 

— — > water balance, 212 

— osteopathy > calcium and phos- 
phorus, 201 

Fasting. cf. malnutrition 

> adrenals, 346 

+> blood-count, 420 

> blood-sugar, 119 

— € insulin, 129 

gastrointestinal tract, 696 

> glycogen < G-A-S, 133, 135 

> iron, 203 

=> ketones, 147 

> 

> 

> 
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liver lipids. 141 
nervous system, 663 
resistance, 78 
ketosis, 147 
as stressor, 47 
t > adrenals, 336 
— > cardiovascular system, 549 
— > resistance, 78 
— embolism, theory of shock, 84 
— hormone of adrenal, 719 
— in blood, cf. blood-lipids 
— in liver, cf. liver lipids 
— as stressor, 48 
Fa 


Fa 


tissue, cf. adipose tissue 
tty acids > adrenals, 331 


livers t= G-A-S, (713), 716 
metaplasia of adrenals, 288, 
(293) 
Fear > fibrinolysin in blood, 248 
Ferritin, 234 


Fertility < G-A-S, 367 

Fetal shock € corticoids, 66 

Fever € cortisone, (647) 

> N.P.N., 154 

> thyroid, 352 

+> water balance, 211 

= G-A-S, (277) 

therapy —> hemopoietic 
465 

— -— definitions, 23 

—- —sG-A-S, 3 

Fibrinogen < ACTH, 756 

— €G-A-S, 166 

— € hypertension, 564 

— in blood, cf. proteins 

— —$G-A-S, (279) 

Fibrinoid, clinical nature, 594 

— degeneration + G-A-S, 594 
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system, 


— -— of adrenals, 288, (295) 
— necrosis’ (experimental), 492 
Fibrinokinase, (445) 


Fibrinolysin <€ arteriosclerosis, 582 
247 

inactive, (445) 

in blood € adrenaline, 248 

<€ anaphylaxis, 248 

€ burns, 248 

emotions, 248 

fear, 248 

G-A-S. 247 

hemorrhage. 248 
kallikrein, 248 

mercury, 248 

muscular exercise, 248 
peptone, 248 

Pregnancy toxicoses, 248 
toxemias of pregnancy, 
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— — € trauma, 248 

= <€ typhoid vaccine, 248 
Fibrinous pericarditis < DCA, (495) 
Fibrin-turnover < hyalinosis, 248 
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Fibrositis + G-A-S, 595 

“Figure of eight ligature” 
ney, 537 

Flea bitten kidney. (616), (624) 

“‘Eluchtamenorrhoe’’, 366 
Fluids > resistance, 76 


on kid- 


Fluorescent granules in adren- 
als < G-A-S, cf. adren- 
als € G-A-S 


“'Boam cells’’ in hypophysis, 281 
— — in vessels, 511 

Focal infections > kidney, 609 

— G-A-S, 101 

— — definitions, 18. 23 

— necrosis of arteries, 588 

Folic acid > resistance, 81 
Follicular lymphosarcoma < ACTH 


== 


(483) 
Folliculoid overdosage < adrenal- 
ectomy, 63 
Folliculoids < G-A-S, 245 ’ 
— => adrenals, (300), (301), 333, 


337, 340, 341 

> blood-count, 431. 432 

+> blood-lipids, 145 

> blood-sugar < G-A-S, 130 
> — € pancreatectomy, 129 
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> bones, 385 
> cardiovascular system, 547, 
552 


> chloride, 195 5 

> gastrointestinal tract, 700 

=> hemopoietic system, 479 

> — — € hypophysectomy, 

+> hypophysis. 284 

> kidney, 631 

> — € vasopressin, 619 

=> leukemia (lymphatic), 436 

> ovaries, 366 

> peptic ulcer, 704 

+> psoriasis, 738 

> resistance, 74 

> — € x-irradiation, 57 

> skin, 728 

> sodium, 195 

+> water balance. 214 

definition, 26 

as stressors, 46 

in urine € ‘‘arthroses’’, 395 

— € arthritis (rheumatoid). 

395 

Food allergy + G-A-S, 753 

“Bood shock’’ —> adrenals, 324 _ 

Foreign proteins > gastrointestinal 
tract, 691 "3 

— — > serology, 7 

Formaldehyde -> adrenals, 339, 342 

— > anaphylaxis, 753 

— = arthritis (experimental), 

(387), (389), 390, 392 

— = blood-sugar, 131 

— > -— € adrenalectomy, 
(125), 126 eS 

> — € pancreatectomy, 

> cardiovascular system © DCA. 

534 

> chlorides, 189 

> gastrointestinal tract, 696 

+> hemopoietic system, 466, 

(472) 

+> hyaluronidase, 250 

> hypophysis. 283 

> liver lipids, 140 

> sodium, 189 

> testis, 359 

> thymus, (453) 

> thyroid, 352 

as stressor, 41 


Freezing > lung, 643 
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Friedlander bacillus > adrenals, 312 


“Fright reaction’’, 240, 
— —- acetylcholine, 240 
Frostbite > adrenals, 304 | 
— +> “endarteritis obliterans , 
— > thyroid, 352 
— as stressor, 32 
“Frihgift’. 238 
FSH > testis, 360 
Fumarate > shock, 94 
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©Visceration, 
methionine, on 
nervous stimuli 
sympathectomy Be 
anaphylaxis, 56 
“3 prendieitis, 55 
blood-su, 
lungeedee sor 
resistance, 5 
<> stimula 
water intoxication, 57 
aging, 82, 101 
+ conditioned 
= leprosy, 739 
* nervous system, 93 
concept, summary, 5 
lefinition, 12 
history, 2 
reviews, 1 
stages overlap, (52) 
stric ulcers SS G-A-S, (689) 
strointestinal allergy S G-A-S 
705 ; 
diseases of adaptation, 703 
disturbances €_ corticoids, 70 
tract © acetylcholine, 700 
< ACTH, 697 
< adrenalectomy, 697 
696, 698 
+ histamine, 


(126) 


reflexes, 93 


— <€ adrenaline, 
— € adrenaline 


— € allergy, 701 
€ allyl-formiate, 696 

€ aluminium hydroxide, 702 
€ anoxia, 696 

€ anthelone, 701 
< anti-histaminics, 701 

< APE, 697 

€ atropine, 696, 702 

€ bacterial toxins, 69 

€ burns, 690 

€ calcium deficiency, 697 
€ cerebellar tumors, 69: 

ae cole 696 

<€ cold, 6 

€ corticoids, 698 

< curare, 

€ DCA, (699) 

€ desoxocortisone, 

€ dextrose, 7 

€ diet, 696, Hho 
diseases, 

= drugs, 696 7o2 
< electro-shock, 


(699) 
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fasting. 
be: folliculoids, 700 
€ foreign protein: 
€ formaldehyde, 
€G-A-S, 688 og, Oi 
€ gastrotoxic horm 
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~& heat, 69 


Gastrointestinal tract © 
transection, 695. 702 
€ stimuli, 697 
€ sugar, 702 : 
€ sympathectomy, / 
<€ TEA, 702 
€ thiamine, 697, 
€ trauma, 689 
€ urogastrone 
€ vagotomy, | 
€ vasopression, 
€ — + histan 
s G-A-S, sum 
s G-A-S, theorie 
ulcers 4 G-A-S, 703 
“Gastrotoxic hormone ~> 
intestinal tract, 697 , 
General tissue hormone the of 
the corticoids, 2 : 
Genetic factors > cardiovascula 
tem < DCA, 532 
Germanin > adrenal, 290, 322 
“Germinal centers’’ of Flemming 
456 p 
“Ghettoamenorrhée'’, 366 
Giant-cells in adrenal, (293) _ 
Giant cells in testis < G-A-S, 356 
Giant follicular lymph-adenopathy, 
484 
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— lipid-molecules < cardiac dis- 
ease, 579 

Glaucoma < ACTH, 680 

— € cortisone, 680 

Globulins, cf. proteins 

— € ACTH, (733), 756 

— in blood <€ arthritis (rheuma- 

toid), 395 


— — € Cushing's syndrome, 285 

— —€G-A-S, 165, (279) 

Glomerulonephritis > renin in blood, 
229 

Glossary of G-A-S, 19 

Gluco-corticoids, cf. corticoids 

— —-> blood-sugar <— G-A-S, 127 
— — > lung, 646 

— — 4% G-A-S, theories, 275 

— -— definition, 26 

Gluco-corticotrophic 

tion, 26 

— — — theories, 376 

Glucokinin as stressor, 41 

Glucopenia < ACTH, 267 

s G-A-S, 266 

lucose, cf. blood-sugar 

> adrenals, 319 

> blood-count, 417 

>— — € adrenalectomy, 426 

> blood-sludging, 444 

> blood-sugar < G-A-S, 131 

> B.M.R. 111 

> chlorides, 189 

> glycogen € anoxia, 135 

>-—<G-A-S, 135 

> hemopoietic system, 466 

> ketones, 148 

> liver lipids, 142 

> sodium, 189 

> water balance, 214, 215 

combustion < shock, 94 

in blood, cf. blood-sugar 

in _urine s ACTH, 124, 


action, defini- 
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adrenalectomy, 134 
anoxia, 133 

burns, 133 
cardiazol, 133 
corticoids, 135 
fasting, 133 

G-A-S, 132, (134); 
gravity shock, 133 
histamine, 133 
hypophysectomy, 133 
insulin, 135 

peptone, 133 

stimuli, 133 

tourniquet shock, 132 

trauma, 132 

turpentine, 133 
Glycosuria, cf. glucose in urine 
‘Goldblatt-clamp"", 537 

— — removal of, 545 
Gonadectomy > adrenals, 340 
Gonadotrophins < burns, 219 
— € carcinomatosis, 219 

— <€<G-A-S, 219 

— €© malnutrition, 219 

— > blood-count, 423 

— > 17-KS in urine, 227 

— > nervous system, 665 

— -> ovaries, 367 

— -> proteins, 173 

— > testis, 360 

Gonads < G-A-S, 380 

— > blood-sugar < G-A-S, 130 

Gouin's ‘‘leucocyte-reaction’’, 416 

Gout < ACTH, 267, (268) 

< cold, 267 

< infection, 267 

< protein therapy, 267 

< trauma, 267 

< X-rays, 267 

> 17-KS, 269 

> uric acid and allantoin, 181 

— sG-A-S, 267. 402 

Gouty arthritis, cf. arthritis (gouty), 
402 

Graves’ disease, cf. hyperthyroidism 

Gravity shock > acid-base balance, 

2 


205 
+> ADP-ATP, 179 
+> calcium and _ phosphorus. 


200 

> chlorides, 189 

> glycogen, 133 

> lactic acid, 136 

> N.P.N, 154 

> potassium, 197 

> proteins, 173 

— > sodium, 189 

— as stressor, 50 

“Grey splenic swelling’, 464 

Growth + G-A-S, 103 

Growth-hormone. cf. somatotrophin 

“Growth-potential’’ +s G-A-S, the- 
ories, 275 

Guanidine < G-A-S, 261 

— +> pancreas, 350 

es arabic > adrenals 
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Heat > acid-base balance, 205 
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> adrenals, 304, 305 

> blood-clotting, 446 

> blood-count, 408 

>— — € ACTH, 423 

> cardiovascular system, 502 

> chloride, 187 

> gastrointestinal 

> hemopoietic 

> kidney, 607 

> 17-KS in urine, 226 

> liver, 712 

> lung, 643 

> muscles, 651 

> nervous system, 658 

>N.P.N., 153 

> — € corticoids, 157 

> serous cavities, 745 

> sodium, 187 

> testis, 356 

> uric acid and allantoin, 180 

> water balance, 213, 216, 217 

as stressor, 32 

puncture’, 409 

— > blood-count < 
ectomy, 425 

stroke, cf. heat 

— € corticoids, 67 


tract, 691 
system, 460 


adrenal- 


Heme compounds * crush syndrome, 


““Hemoclastic crisis’ 


Hemoconcentration, cf, 
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634 

> blood-count, 
417 

— definition, 21 


water bal- 


ance 
theory of shock, 85 


emoglobin < adrenalectomy, 260 


€ age, 260 

< burns, 259 

€ cold, 259 

€ cortisone, 260 
< diet, 259 

< diseases, 260 

< G-A-S, 259 

< malnutrition, 259 
< senility. 260 

€ sulfa drugs, 260 
< X-rays, 259 

> blood-count, 417 
> E.S.R., 443 

> kidney, 612 

as stressor, 42 
molymp-nodes < G-A-S, 456 


Hemolysis > blood-pressure, 238 
Hemolytic anemia < ACTH, 433 


Hemopoiesis in adrenals, 


(295) 


Hemopoietic diseases of adaptation. 
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system € acetvicholine, 481 
— < ACTH, 471, (472) 
ae Hupephysectomy. 


= Seasonal transplantation, 
— € adrenalectomy, 472 
—<-+A 473 
— € — + adrenaline, (473), 
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=—- -€ — ee — — € vesicants, 466 Hormone menos < G-A-S, 219 <¢ Loe Sc eae 573 114 ic glucose -> temperature, 
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— — € autonomic drugs, 480 Hemorrhage > absorption, 742 P > a ae ACTH ‘ Hyalinosis < serolog 50 — € kidney extracts, 570 Ss = GAS, S62 
— — € bacterial toxins, 466 — => acid-base balance, 205 - —> nervous syeeee — $ arteriosclerosis, 552 — € lithium chloride, 573 Hyponatremia. € shock, 95 
— — €bismuth, 466 — > adrenals, 302, 332 Herpes of gestation < BGR : - Sat earl 248 ” es mere Ree a Hypophyseal stalk lesions > adren- 
— — € bums, 460 — => amino-acids, 160, 161, 162 — zoster ophthalmic: +, 738 — & GAs, 2 a ephrectomy,: 7! > als, 345 
— — € “caryoclastic poisons"’, — > angiotonin, 499 (684) us © ACTH, — definition, re 92 7 = non-specific therapy, 576 __ — — transection -> blood-count < 
465 — > ascorbic-acid, 257 Hibernia lend — (experimental), 4 he - potassium _ thiocyanates, yt adrenaline, 427 
gg < ACTH, 74 — general description of. 5 < protein, 570 
— —<€choline, 481 — > blood-clotting, 248, 446 — — € adrenalectomy: aia oA ; eS eAbeaeenae ees — ~— > hypophysis, 284 
— — € colchicine, 466 — > blood-count, 406 # — — € cold, (741) — histogenesis of, 493 — € pyrogens, oo Ess, i ple ils 
— —<€cold, 461 — >-— € adrenalectomy, 425 — — € cortisone, 740 — theory, 600 eri. SN - is 
- = oA mane 476, (477), — 2 ey oT lees S hypophysectomy, 740 Pieters Seley, 248 ; - oe * 570, (571), ese ae ee hi 
) = a splenectomy, io muscular exercise, yaluronidase adrenalectomy, 250 2 H - a 
— — €corticoids + hypophysec- — > blood-lipids, 143 — — € nervous stinall, Tape — € adrenaline. 250 — <€salt substitutes, 573 pep ay sestoaty Aa acetylcholine 
tomy, 469 — = blood-sugar, 118 — — € spinal cord transection — € anaphylaxis, 249 — € sodium, 570 — > adrenals (293), (300), (30!) 
— — € desoxypyridoxine, 466, 468 — > — € adrenalectomy, 126 , (741) = ¢ ARE, 250) = S sympathertomys a74 329, (300), (331) : 
— — €dibenamine, 481 — >-— < hypophysectomy, 123 Hind-quarters transplantation > car- — € corticoids, 250 < thiocyanates, 575 — > amino-acids, 161 
— = €diet, 467, 451 — 3 = € pancreatectomy, | 129 ee = EEA a0” = Eee = S ascorbic acid, 257 
- = i - irsutis ; = , 4 a -P, 57 -_ a 
ae EY ER alt Hiteataee 66k ore = JE DORA, 249 — > ACTH in blood, 565 = See eae 
— — €drngs, 465 — calcium and phosphorus, 200 - ‘ 5 — €estradiol, 250 — +> ACTH metabolism, 220 i i ) 
— — €electro-shock, 462 — cardiovascular system, 499 Histamine < ACTH, 243 — € formaldehyde, 250 — >ad Is, 31 RE ae oe ee 
ee h 465 59° ¥ ’ ? — € adrenaline, 243 es Beery netic’ adrenals, 312, 313, (314) — >-— € hemorrhage, 123 
ever (tuerany, Ps 522, 546 Histamine < anaphylaxis, 242 Soh i248 Fy 3, Renee Aa TEYs a0 — > — € infection, 125 
—~ — € folliculoids, 479 — >— — € nervous stimuli, 554 _~ € anoxia, 242 eget — € infections, 249 — > adrenal-medulla, 568 — 5 — € muscular exercise 
— — € folliculoids -++ hypophys- — - chlorides, 185 SE Pr) 43 — € Kendall's compound A, 250 — > adrenaline in blood, 566 (122), 123 7 
ectomy, - ci i i “ “Si ad = morphine, = adrenaline in urine, 5 — 
y. 469 > circulation time, 500 a pe ee fe acme S hi 250 > ad I 66 > bones, 385 
— — € formaldehyde, 466, (472) — -> fibrinolysin in blood, 248 re antistin , — €pregnenolone, 250 — > blood-count, € adrenaline — » BWR. 112 
y 3 . — € atropine. 242 — € progesterone, 250 427 i: 
—- —<€G-A-S., 452 — > gastrointestinal tract, 690 ahled A — > cardiovascular system, 513 
mr = <=.glucone; 466 hi . — € burns, 242 — €heumatic fever, 249 — > blood polypeptides, 162 — ->chlorides, 190 F 
; — 2-7 €< histamine, 701 — €cold, 242 — €salicylates, 249 — > blood-sugar, 564 fapite 
— — € heat, 460 h g — > cholinesterases, 251 
‘ — -> hemopoietic system, 460 — € drugs, 242 — € sodium-gentisate, 249 — cardiovascular system, < = fi ah 
— — € hemorrhage, 460 — > hypertensin, 499 — €G-A-S, 241 — €testosterone, 250 DCA 533 D corticolds, in blood, 224 
— — <€ histamine, 481 — > hypertensin in blood, 229 — € histamine, 243 — € X-rays, 249 — > cholinesterases, 252 - z Lr cerome aro Wom 
Te + Rvmgairsestonyt 407 = > hypertensinogen, 229 — € fleus, 241 Tie gamalovascular system, 556 — > corticoids, 565 => Henapotetie syitexy, 469 
increased atmospheric pres — > irreversible shock, 500 — € lymph, 243 ydroxycorticosterone, formula, — > fibrinogen, 564 = S“iisecating’ Glend’s, 740 
po — +> kidney, 605 — <€ morphine, 242 Hydeont ‘ an 7 - Pah Re eee. in urine, MOMS H(A! 9 . 
— — € infections, — - > lactic acid, 136, 137 = in, 242 yramine cardiovascular ae 
— — € insulin, 466 — Sliver, 711 = & Pepe eee system, 521 3 eerie Seepee oe SS e e 
— — € iodine, 466 SZ aeslungy 1644 ‘S Pee BS 1 Hydroxytyramine < G-A-S, 230 — > hypophysis, 282, 567, 569 3 x¢ = & pee a ( 1) 
— — € ionizing rays, 461 => lymph-flow, 487 os 3 ace 241 \ yates; hypertension, 566 — >kidney, 568 ne ephrectomy partial). 
*, Z = » t if i: a a om ‘, 
— — € iron oleate, 465 — > nervous system, 499, 658 — € x-rays, 242 Hypercorticaldisra, = CxS: o45 i mz HRS ae was, eetieaee — > -— € renotrophic steroids, 
— — €LAP, 470 —= => NuPN,,. 153 — € adrenals, 320 - | Hyperemia of adrenals, 289 Fer -9> saproadeartaliin in blood, 566 
— — € luteoids, 479 — > potassium, 197 — € blood-count, 41 tem < (330) ; " — > nor-adrenaline in urine, 566 ri ES gies: fosatolephin,, ele 
Tee TS = caper ese ae — > proteins, 169 - > candiovaastlay sys Hyperglobulinosis +s G-A-S, 594 = S$ “Gherentasin” fal Biscueeaanmaaned x Sy thyroxine, 615 
ition, . — > pyruvic acid, 138 DCA, 53 51 Hp eemePhromas > E.S.R., 443 — > pregnanediol in urine, 566 — + liver, 
— — €omercury, 466 — > regeneration, 766 — - > cholinesterases, t, 696. : yperplasia of adrenals, 287 (293) — > renal artery, 568 =k < G-A:S, 717 
— — € metrazol, 466 — — renin, 499 -s> gastrointestinal tract, i ypersensitivity reactions < drugs, — > fenin in blood, 566 LS ea hepaentony (partial) 
ie = z ate yom 462 — > renin in blood, 228 700 a, 133 . \ nae a -> BPS in blood, 566 716 . 
a Seve Wea — resistance € vesicants, 577 — -> glycogen. e tem, 467 4 = © hemeehnceneen Ze sedges — > liver lipids, 141 
— — € nervous stimuli, 2 — > sodium, 184 — > hemopoie in body: te eae ge = -  >m , 652 
— — € overfeeding. 467 — thiamine, 255 — > histamine 1) U4 236 Pressure < adrenaline, — — > neoplasia, 769 
— — € pantothenic acid, 468 — > vasopressin, 220 — > phagocytosis, = > cardi 1. = © vEM 
— — € paraffin, 465 — +> VEM-VDM, 234, 499 ->9> serology. 7, 214, 5 A, rae lar system < = a 
S 22 ew “eS 72 = Zee in blood < arotid sinus 
os = as ress , _ = ion, a 
— — € pyridoxine, 468 — in adrenals, 302 — & hemopoietic he 
— — €tiboflavin, 468 Hemorrhagie ‘nfescion of adrenals. — shock € cortico 
~ ~€RPS, 479 290 — as stressor, 42 
— —€sarcomas + hypophysec- — shock € corticoids, 66 — 
tomy, 470 Hepari hylaxis, 243 
— — € sodium + corticoids, 476 Pete itive a cnoueaeni 243 
— — € somatotrophin, 470 €G-A-S, 243 
— — € — + hypophysectomy, € ionizing radiations, 243 
469 < peptone-shock, 243 


— € spinal-cord transection, 
462 

— € splenectomy, 480 

— <— 4 X-rays, 480 

— € stimuli, 469 

— € testoids, 479 

— € thallium, 466 

— € thiamine, 468 

— € thyroidectomy, 480 

— € thyroxine, 480 

— € thyroxine + hypophysec- 
tomy, 470 


€ blood-clotting, 451 

€ blood-sludging, 444 F 

in blood € ionizing rays, 447 — 
epatectomy —> burns, 72 . 

> blood-sugar < corticoids, 

> corticoids, 72 “ 

> proteins, 176 

> resistance < corticoids, 


ee hehek Val | 


yERTRATM 


perutren 
v 
i 
& 
z 


+> water balance, 216 ~ 
(partial) > liver, 721 


810 
INDEX 


Hy 
pophysis < 
— = ol 
retiie 
ale Onn. oe - >i 
tet a + 2 ee 
on ee ,. 2o* = jung, 64 
- ety 28 = m cos tte 
= < disease, 3 aus ee agta,. 768 770 : 
ae ee 383 aes across — ~ (Sn 
= culoi i oa 
Ss. = rams fem 284 Infections — a 662 , a cant 
aye hypertension. 283 = ES an F p capillaries, 593° 3 
284 ypophyseal. stalk’ ol =“ 2 proteases, ee ny . Dee ascila 
- a rotei: J ~ rti 
= 4 intracranial vansection, — a4 ceded 170 ae 2 ticoids in stem, 593 
= ionizi pre umatic f ~ =e ; SOsEmae t 
me < ace rays, ae 282 ee peer  Seeers 590 ~ Sie asteintet rine, 299 Kidney < ant 
- € maltaien. 282 a aoe lal ox emopoietic 3 t ee Bre. aa INDEX 
= noise eo 2 - > wal is oblite = > hyp tin in system — € ascorbic 
= € renal di 2 - sG el balance Some ate > ki ophysis blood, "3 ‘6 a ¢€ ee eet 632 — aut 
= ae ry 33 282 = 5 peri *S,_ 100 a me liver, 3 sy 243, 447 uy 7 ee * en 
= $ Ri. 334 le - 3 Sane > an 
a. io rere , , 5 — u: - ne, 61 £ ee ee 
= 2 Waterhc 284 < Bien S Re = . a pe 651 4 = < colchicine, ie 636 f.  “endocrin Lead > 811 
ee € chlori ouse-Frideri eee renalect TH, 7 Jaa S08 ous = Sey 605 2 of e¢ kid- --> _cardiov 
Sk rides, 190 erichsen = adrenali omy, 748 St ytd > aries system fs eartivones. (607) - eight | = kidne: ovascula 
= 2hey » 2830 pu sera = 3 Petechial 364, € cortisone (623) ~ ee ee a polaoning << paamiore 
= $ so N., 15 - € salicyl ‘aminics —— skin, 72 hemo = 626 + anti-k : GA ReeEIG! (60 Bane Fi! cont f 
ot ae ae = ee 748. 748 = 5 eee ae tthages, 5) ba DCA. (620 oa fea ‘afin 610 7) ree weiter pan 71 
= SGAS. oe [ 2 ie wakes 5 - Di anes issue- m it : 3 
aiid S, 28 = thiosemi 748 Iritis as pee bal: 3 See + Ae ; ‘telnet sdckvden > eo 60 241 in> ake 7 
i 1 >b ica: is tr lan ne 2 = tiel-W: es 3 ty] 
569 ation = lood. rbazo ie = Kk SSO! ce, = + potassi . (625) G-A Ww . 630 Le ylcholi 
H >h > sug) nes, 7: < CT’ rs, 33 212 € des assium 25 ei -S, 55 ilson prosy + ine m 
ypopitui ypert 2 -<€ ar, 12 » 748 Ir moet H, 3 ae esoxocor! 2, 62 rsaki 551, synd Lett sG etabo! 
pituitarism > ension ; SGA. mancreat 10 Lsidocyelitis <= oD) 681 = bane Bee (620 koff psy: 138 rome S ferer-Siwe’s oa lism, 
. By Vet i . A 620 as c = d 
Ps ACT Bleod=co! iene eas s Iron <, tis < Wen + (684) = Se rier ae = GORE TE ek Tena “760. diseas 
eK: 17K SS ae ane aS dnbee > adrenals Ae) ¥ - BF adenalectomy, 681 =< gene. 611 : asbasedow ce CTH, 673 rrtenin hie cente: e s G-A-S 
= $ sod Sin enaline, 4 ab tors cortison Z — ee entia) (of my, 203 = ih ectro-shock n urine © at ae r, 437 = 
Hy, sodium einen 27 ati of profi e, (647 < rcinom inferti ee focal’ infectio 608 - (592) ACTH rif ocytosi ction” 
potensio taaeea (347) = on, (445 rofibrinol ) ee content a, 202 ection” = follicul fections. 609 = ze ede (733) , 227 Leucopeni is, post-h of Gor 
- >«a li S BEAL (347) Tne prothrombi ) ysin acti = fastin: ids, 203 » 22 as € olllelotare 631 09 i et renal d (397). ““Leucop ie factor, sackincict 416 
DCA. fovascular 576 pe sitol > ath activati tiv.  — <GaA g, 203 € glycine. 603 39 arthritis iseases, Leuco oietins”, 437 gic, 406 
= See 533 jar syst ><a blood-li vation, (445 < inf “S, 2 = Ste ine, 613 _ oe (397 (rheum: Nate = piel saa 
H s G-A-S em < Insult rdiovasi pids, 14 45) ee ‘ection: 02 - eieae 60’ pans ) atoid ) ie Fey 245 
ypothala: , B76 = in < loyascles F. 6 = muscul s, 202 aes emoglobi a <- col ’ Leukesais 0 ae 437 
% amie esions > 0d = ik i ee Ps & lubercuoss 202 a = ¢ pemershae. 603 = € corion = oh © ACTH, (33) 
ae > bloo: adrenal - > ritis. (rhe 334 ye Sipe 202° — €h rtension auniate 227 peebatha yi (433), (433) 
-> d-coun: a = blood- (rheum » 342 “Tr > hemo = <& hypophyse . 568 = (347) ing’s dise (591) me 435 iit) es ) 
Pte, gastroi t, 409 >b count, atoid ‘on-pi Pe poietic = incom| sectomy, ath ve isease, 227, Sens (435 ACT! 
Hypothala astrointestinal es é 3 eae ip (he [revi shock el pe = © finn Blood. 61 = 2 Reta rn € natenleiom H. (434) 
Gea ue 1 36 . 695 ay iet, 1 corticoid =e shock dal odes, 4 —-<€ aGI5 s, 607 1 ae = endl ilitatin - -€ orticoid, my. 435 : 
H ‘S. 372, hypo =F < ele 2) fae 08) lechen emorrha nated = sale . (618 Beit a disea eee s, 435 
be a log (373 physis == blood. ctro-sho ian € live rhage, 500 ion, 14 & liver 12 ) aS drugs variati ses, 227 os > bi culoids, 43 479 
eae ) in = Sr ge ene oe ck, 129 Ie enia > a 71 = < ae Sane: = ce pe 226 ons, 07 =a E€ blood-count 436 
« G-A-S, - Sees G-A-S, fasting, 12 joamylamine DP-ATP, = = malnutrition, ay - = = See 2 — > ur < sue ae 
dara 1 355 >= toxemia’ 129 29 in urine, 179 < mu ury, 612 12 = € gon ons, 226 226 a 181 ic acid ids, 428 
Coa Ae index” meme € traum s, 129 Jaundi Bee! ae scular ¢ aie € go adotrophir Arion G and 
intrad € GA eas CAs a, 129 undice ay aes ephroto: xercise Be out. 269 in. 227 tent -A-S. allantoi 
een ermal salt a} 260 -> gactoines resistanc Joie co 312 mea. "i aoe “610 agen ee 226 es erethin” ar = 
“ i = glyc stinal e, 44 — €G Begecut —- € ucleic timuli F = yrertensi = adrenal 
Taste histami ution test Sh ogen < tract, 2 -A-S adaptatio Sc ea acidy. 61 608 - € hy tension. 2 217 renelss 337 
Sai feat" metabol yo see emopoieti GaRES) 700 » 386 n, 393 EEA IN mole ge ee age . 227, 5 = + pre S in uri 
Pi i 1 ietic al = petechi tomy, 25 H, 22 arism 566 = pregn: urin 
arte peri | experi sm, 241 ee ES ymph-fl system 35 Kallikrei a € ph ial typhu 632 ad eau 227 , (347) > prot ancy ¢ e, 227 
= ilizatio iovascula: imental - nervou low, 487 , 466 = ikrein, 24 <p josphate phus, 609 pe fee alnutritio - > roteins, | ‘oxicosis 
-> n> r system, 387 — >N.P is syst —_ > fibril 4 SRE ae + O18. pein muscul mn, 227 Libid testis, 3 a » 370 
sate ie, yatem, 501 — > ian ama yates rinolysin. in, oP = © potas 632 ae mustard exercise, 226 Ginde <G-AS, a 
mune- ion s verd » Wee unt, 404 ose” 2 = 1S ian oie rindtas x = 593 Sacks" ay 
pe an bones. ystem, 50 eat losage Kanga , cf. blood- aa renimel 12, 61 = apa 738 re See 
me patible . cf. s , 383 {— ock-the: € corticoi Ke roo fat, G- zs ceol atic fev 3, 632 ia ial OneE: 206 Lipid bloc ; ‘ome 
ol ae = eet aus Rog St as = fee et 3 ae ria cat i a 
hem atmo ry, 611 ese ceme —- -A compounds ension, 579 eS Se Smt » 632 Se einek 32 227 eae ees 317 
Tafan opoietic spheric apillar nt — DC = > hyalu iy 25 -<€ ulfonami 14 Kupff. abolism < 26 L -sG ism < Seed 
ile aa syste: pressu cf y  glom A, 535 a kK Sad ronidase, 250 - surge mides, 6 = er cells << GA ipids, -A-S -A-S 287 
— di crodyni m, 463 re > ue Kimmel. meruloscl Sy es iver lipids, 14 | eee ry. cf. 10 eH € Gx Gir s -s cf. also 3 theories, 21 139 
Tatns jarrhea pid as G =) rome. ae = BES 25 ee D & 626 . ren. GAS oan 4 25 oie G-A-S adipo: , 273 
‘iitaon 2S | G-A -A-S Feet < AP 638 ilson ae FE > bi =, einer al h . 712 58 ik adeeuut (278) tiss 
a eS > S, , 271 intesti PE. syn- oe te lood-co! = te: ratur yperte “ renal. ) ue 
s G- testis, 3 101 = inal » 617 >- uate < Ane! eee 605 sal Labi eee ssG 
9 a8 (381) 68 obstruction < stress Pe < 2 € thyroxine 632 Lactate Lopes = in blood. (at) 0) ade 
= renals, 291 385 a ad corti or, 30 Ke aie corti = Sa uma, 604 actati shock. a ieee blo ) ems 
Ke s. 29 2s renal rticoid ratitis < coids in urine 2B = rani L lian. _ 94 lipid cr ae bod-lipid: 
Infec cart < oO, (296 = NPN... 312 s, 66 - € G-A-S. 680 * = vas m, 612 actatior f. ovari Lipocai Is, (713 GEASS: Is 
tions muscula’ ), In ens .N., 157 Ke cortisone Pika, (685) =< hells Lacti ns G-A ies, 36 a i > ) ef Ui 
=~ Rae cortic r exercis fipfer Seeman a to-acids & G-A = uN cores iel 636 Lactic acid € -A-S, 364 3 a 12 eeriiey, liver 
= Sad alt tetas 2 pan eu swe etogenic extracts Sm EGR SG titis”, 6 =< ae _adrenal Tipo-cortieo! aacHlay 
oo eee - i ~ E Ss. » 638 oo nalin ectom ipoph: oids syst 
nS sarensis, Cae 6 partes ae ood-polypepti "e- cortisone = of pituitary 47 mae anes ane 146 ue eeaetee ae yee 137 Tipophages Beh 26, 719 em, 
ae ae orbic-a 2, 316 ntracra eriarteriti ptides, e& adi , = S48 lorides, peptide: a corti . 136 Li ipophil d arteri 
3 bicodount a » 317 mel eg r 3 ren se 2 Srentine ze s, 162 ad = Sas Re Rian Cece 582 
= Ne pet m — e ae t; c ¥ / 
= 3 blood-cl adrenaline Intrad: > hypoph adrenals, apie Ties alee creatining. Og - si GAS. 137 pe Lipotroie. cardia i = ad 
aS bled polype 448 i : ace aa aise 282 = = bloodsvar € ate ee S gravity 136: aus a 583 Usa eS bane. 579 
-- lood-sugar, ptides, 162 cutscenes 43 olution tes’ = potas y. <€ Ga = emorrhi ock, 136 = — > bi eriosclerosi: 
~ = i " { t Ese! G-A. Sif < med’ age -> lood-lipi rosis 
SS cam ff hypo ee - paeeeay = s Bae potassium, ge Gea ease lealuahe 136, 137 = Bleediiptds, 14 f 
— . be! 6 
s an ise ysectom: faulfauale: (699) renal hy; > S crush nce, 7. cm muscula! ock, 136 Bak > liv vascula 
~ ; per- 55S s 3 = tra i exerc paces lipi r_sysi 
> thotinesteras cyaten, 507 a 2. GAS yadrom moses aa oa sys te «tan tem, 512 
as Biche eles 188° 51° 507 670 | brain m DCA, 621 = 5 G-AS, summar 604 Lihiea > 557 > cord 
=e lp eoeticolds th ides: etabolism < = ee Sia thant 64 = aie eet fovancula 
- > lonaggio in urine, lodoac: hemo} DCA. - ics, 6 at Lithos; seennien diseasi e 
eee el oe ae Bis mvopolelte. Aaa i i dena: ei eo 
= Se mopoietic 2 Todoacet i ication < » 466) uA rale > 
ome < fyalronidase, 299° iad bekee aleueent ar % ovaries, 
ation, 249 =— ie ‘adiation: rs, 42 
. 562 = ys, cf s, cf. 
et ahi tone ote 
ti 
as — >a nee ee 742" x 
=f 
-count, 408 


Pik 
y perth: 
yroid 
ism, 354 
a hl ai 
\d-clottis 
ng, 447 


812 


Liver € ionizing rays, 713 

€ malnutrition, (716) - 

<€ muscular exercise, (710), 714 

€ nephrectomy, 720 

€ nervous stimuli, 714 

€ serology, 715 

€ somatotrophin, 717 

€ spinal cord transection, (710) 

<€ stimuli, 716 

€ thyroxine, 720 

< trauma, 711 

< ultraviolet rays, 714 

< x-rays, 713 

ss G-A-S, summary, 723 

ss — theories, 723 

+ irreversible shock, 711 

s serous inflammation, 709 

cirrhosis > testis, 359 

— > ovaries, 365 

— + G-A-S, 722 

damage > blood-count, 430 

— > cardiovascular system, 546 

diseases > ovaries, 365 

extract > blood-count, 431 

— > kidney, 613 

lipids < ACTH, 141 

— € adrenalectomy, 142 

— € anoxia, 141 

< APE, 141 

€ bacterial toxins, 141 

€ cold, 140, 141 

€ corticoids, 142 

< DCA, 142 

€ diseases, 142 

€ fasting, 141 

< formaldehyde, 140 

€ G-A-S, 140 

€ glucose, 142 

€ hypophysectomy, 141 

€ Kendall's compound A, 

142 

<—-—B, 142 

€ lipotropic substances, 141 

< malnutrition, 141, (716) 

< muscular exercise, 140 

<€ stimuli, 141 

€ toxic infants, 141 

< x-rays, 141 

— $ G-A-S, (713) 

necrosis € diet, 715 

periarteritis nodosa < DCA, 

(719) 

— phosphatase < G-A-S, (711) 

Local injury t G-A-S, 103 

— — > skin, 730 

Loeffler's syndrome < ACTH, 649 

— — > blood-count <— ACTH, 
422 

— — 5 G-A-S, 593, 649 

“Lower nephron nephrosis’’, 

“Low-salt syndrome’’, 271 


aoe PLT VPS 


eT EEL 


1 va 


ee ee ee 


633 


“Lumen™’ formation in adrenals, 
po (296), 297, 302, (303), 305, 
31 

“Lundsgaard phenomenon” * G-A-S, 
651 


Lung € adrenalectomy, 644 
— € adrenaline, 644 

€ allergy. 644 

€ anti-histaminics, 646 
€ atomic rays, 644 
< burns, 643 

€ DCA, (525) 

€ ‘dehydration’, 644 
<€ drugs. 644 

<€ freezing, 643 

€ gluco-corticoids, 646 
€ heat, 643 

< hemorrhage, 643 

< infections, 644 

<€ malnutrition, 644 

< mineralo-corticoids, 646 
€ solar rays, 644 

€ sulphur drugs, 644 
< trauma, 643 

< vesicants, 644 

< X-rays, 643 

> stimuli, 644 


LRRD PREPLLETVVVEPED 


Lupus erythematosus < ACTH 


Luteoids, 


Lut 


INDEX 


ss G-A-S, 642 
diseases of adaptation, 
edema, cf. water balance 
— € DCA, (525) 

— €G-A-S, 55 

— € nephrectomy, 216 
— 5 G-A-S, 646 
tuberculosis < ACTH, 648 


646 


(730), (731), (732), (733 
— € thiosemicarbazones, 733 
— & G-A-S, 593, 730 
definition, 26 
> adrenals, 341, 342 
> hemopoietic system, 479 
eotrophin <— G-A-S, 219 
> blood-sugar, 123 


Lymph > histamine, 243 


1 


Ly: 


(toxic substances in) < G-A-S 

261 

flow < anoxia, 487 

— €corticoids, (488) 

— € desoxocortisone, (488) 

— <G-A-S, 487 

— € hemorrhage, 487 

— € insulin, 487 

— € sodium, (488) 

— “serous inflammation’’, 

nodes, cf. hemopoietic 
452 

— € cold, (457) 

— €G-A-S, 456, (457) 

— € muscular exercise, (457) 

— € spinal-cord transection, 
(457) 

vessels < corticoids, (699) 


system, 


mphatic foci in adrenals, 316 
leukemia, cf. leukemia (lympha- 
tic) 
system, cf. hemopoietic system, 


452 
vessels < G-A-S, 487 


Lymphocytes, cf. blood-count, 405 
‘‘Lymphocytosis of war’, 413 
‘“‘Lymphogangline’’, 244 


Lymphoid 


metaplasia of adrenals, 


289 
tissue > antibodies, 753 


Lympholysis, ‘‘co-factor’’, 484 


“‘Lympholytic’’ 


effect of drugs, 465 


Lymphomas < urethane, 466 


Lymphomatoses 


G-A-S, 482 


Lymphosarcoma < ACTH, 482, (483) 


(experimental) €< colchicine, 484 


Lysozyme < ACTH, 247, 705 


in ulcerative colitis, 705 


“Lytic factor’’, cf. fibrinolysin, 247 


‘Macromolecular 


M 


M 


substances’ > 
adrenals, 320 
— > blood-clotting, 449 
— > blood-count, 418 
— > cardiovascular system, 509 
— > ESR, 443 
— => spleen, 457 
acrophages in lung <— 
643, (643) 
system, cf. hemopoietic system. 
452 
agnesium < G-A-S, 203 


G-A-S, 


“Maladie postopératoire’’, 2 


M 


Malformations < adreno-cortical ex- 


alaria € corticoids, 68 
> proteins, 170 
s G-A-S. 100 
therapy —> hemopoietic system, 
465 


tract, 770 

€ corticoids, 770 

< infections, 770 

€ toxic agents, 770 

s G-A-S, 770 * 


Malignant syndrome s G-A-S. 11+ 
2 


Malnutrition + ascorbic-acid, 


> B.M.R., 111 
> corticoids in urine, 223 — 


eye, 686 


liver, (716; 227 
ung, 644 

muscles, 651 
nephritis, 612 
paso. 366 

skin, 727, 
teeth, 403 (727), 738 
temperature, 

testis, 359° 14 
water balance 
‘2 concentra 


VV 


eee: 212, 276 

Mannion mn camps, 

ints illiamson ulcer € fe 
Marasmus < corti 
b us icoids, 7; 
Mastoiditis > adrenals, 312 
leasles > adrenals, 309 

— > cardiovascula: 


Tr 
> nervous system, 660" fe 


Mediation of G-A- 

Mediator’ of ACTH toe: Uy 
Medical shock, definition, ap 9” 
- acid-base balance, 206 

- — > adrenals, 312 

— — > amino-acids, 161 

— — +> blood-clotting, 248 

— — > cardiovascular system, 499 
— — > erythrocyte resistance, 442 
—~ — > gastrointestinal tract, 696 
— —-> lactic acid, 136 

— — > water balance, 214 
Megacarotid * G-A-S, 595 
Megakaryocytes < ACTH, 472 


— <€cortisone, (477) 

Membrane permeability S G-A-S, 
275 

Meningococcus infections > adren- 
als, 312 


Meninges (permeability) © GAS, 
662 
Menopause 4 G-A-S, 363 


“"Mensenchymal defense reaction”, 
646 ae 
Menstrual cycle % G-A-S, 
toxin, 369 


— — €corticoids, 71 

— — > adrenals, 321 ae 

— — +> cardiovascular system 

— —&G-A-S, 369 

— — as ee Be ston, 573 
rin — hypertension, 

eer > cardiac disease, 579 

— => corticoids in urine, 7 8 

— > fibrinolysin In blood. 

_— > hemopoietic system, 

— > kidney, 6 


Mesomucinase, cf. yaluronidast 


tation 
ufesaballe diseases of adap! f 
Ae tic fever 
bolism < theuma 
ee -S, 110: Fae 219 


of hormones 

— in tissues 

Methionine 
G 


Morphine > ¢AF 
557 


Leyen ot 


diovascular 


> gastrointestinal trac 


=> histamine, 242 
+> hyaluronidase, 
intoxication < adrenale 


250 


— as stressor, 42 
Mucopolysaccharides Ss 
Mucous colitis < ACTH 


-s 


G-A-S, 705 


Multiple sclerosis < ACT! 


Mumps > nervous system 


Muscle diseases of adapt 


x UF TT 9 Ti WR OY Wa 


tt PT 9 Ta a 


TS RS TI VE RLV ij BD 


| 
| 


Merrit it titiriirtrarts 


rheumatism”, 653 


€ acetylcholine, 653 
€ adrenalectomy, 65. 
€ adrenaline, 653 
€ anaphylaxis, 651 


TAADAADARDDA DAL ADD 


7) 
> 
n 


APE, 652 

carbon monoxide, 6 
cold, 65! 
corticoids, 
DEP, 653 
drugs, 651 
G-A-S, 651 

heat, 651 
hypophysectomy, 652 
ionizing rays, 651 
malnutrition, 651 
physostigmine, 653 
stimuli, 652 

testoids, 653 
yvitamin-E, 651 

, theories, 655 


67, 653, 666 


+S — summary, 655 


uscular exercise > acid-base bal- 


epi r tt bad tririrtrtda 


ance, 205 
> adrenals, 
340 
> arterioles, 506 
> arteriosclerosis, 506 
> ascorbic acid, 257 
> blood-clotting, 447 
> blood-count, 412 
> — € adrenalectomy, 425 
> blood-lipids, 144 
> blood-pressure, 506 
> blood-sugar, 119, 131 
> — € adrenalectomy, 125. 
(125), 126 

> calcium and 
200 
> capillaries, 506 
> cardiovascular system, 506 
2 = — < DCA, 532 
> chlorides, 187 
> cholinesterases, 251 
> corticoids in urine, 222 
+> Donaggio reaction, 262 
> erythrocyte resistance, 442 
> ESR, 443 
> fibrinolysin in blood, 248 
> gastrointestinal tract, 695 
> — — € histamine, 701 
EG heart, 506 

emopoietic system, 462 
> hibernating gland, (741) 
> hyalinization in heart. 506 
> infarcts in heart, 506 
> iron, 202 
> ketones, 147 


306, 331, 339, 


phosphorus, 


INDEX 


- —-—> uric acid and 
180 


as stressor, 37 


cf. vesicants, 321 


= hritis (experimental), 392 
> gastrointestinal tract, 696 
— - > blood-count, 432 
— - > cardiovascular system, 557 
~ -> chlorides, 189 
—> hemopoietic system, 466 
> 17-KS in urine, 226 
> nephritis, 637 
- >N.P.N., 153 
+> serology, 753 
> sodium, 189 
— > uric acid and allantoin, 180 


~ as stressors, 43 

Mustard-gas poisoning <€ corticoids. 
71 

Myasthenia gravis < ACTH, (654) 

— — -> blood-count < ACTH, 

422 
— > — € adrenaline, 427 
— —-> thymus, 654 


— —-> uric acid and allantoin, 
181 
— —sG-A-S, 654 
Myeloid elements in renal pelvis, 
(607) 
— foci in adrenals, 316 
— metaplasia of adrenals, 289 


— transformation in adrenals, (295) 
Myocardial infarction > blood- poly- 
peptides, 162 

Myocarditis < war-nephritis, 638 
— +s G-A-S, 577 

— (allergic), 577 

— non-specific), 577 

— (post-infectious), 577 

““Myogenic leucocytosis’’, 412 

‘‘Myopericardial edema’, < DCA, 
533 

Myotonia atrophica < ACTH, 654 

“Myxedema of the heart’’, 551 


Nasal polyps < ACTH, 6386 

Nausea $ G-A-S, 688 

Necrotizing enteritis < G-A-S, 705 

Necrosin < shock, 89 

Necrosis of adrenals, 290 

Necrotic tissues > adrenals, 
312, 336, (339) 

Neoplasia < ACTH, 769 

— € adrenocortical extract, 770 

— € adrenalectomy, 769 

— € bacterial toxin, 769 

— <€corticoids, 770 

— € diet, 769 

— <emetin, 769 

— € hypophysectomy, 769 

— € infections, 768 

— € vesicants, 769 

N 


(301), 


= G-A-S, 768 


ZA 
a 


allantoin, 


Pertivity 


813 


> — € carticoids, 72 
> VEM-VDM, 235 
(partial) > kidney € DCA, 622 
— > — € hypophysectomy, 
615 


— —-+> — € testolds, 631 
“Nephrin’’, 232 
— in blood < hypertension, 567 
Nephritis < ACTH, 637 
€ anti-histaminics, 637 
corticoids, 637 
diet, (641) 
malnutrition, 612 
€ mustards, 637 
€ rice diet, (641) 
> adrenals, 312, 340 
> blood-polypeptides, 163 
> intradermal salt solution test 
743 
> radio-sodium, 637 
allergy, 637 
auto-antibodies, 637 
corticoids, 637 
G-A-S, 633. 636 
as a disease of adaptation, 636 
(embolic) +3 G-A-S, 633 
Nephrohormone, 232 
Nephrolipin, 232 
Nephrosclerosis as a 
adaptation, 638 
Nephrosis <— ACTH, 639 
— € cortisone, 639 
— sG-A-S, 633, 639 
Nephrotoxic drugs > cardiovascular 
system, 544 
Nephrotoxic sera, 3 
— —-> cardiovascular system, 543 
— —-> kidney. 610 
— — >= <€DCA, 622 
— substances * crush syndrome, 
634 
Nerves < DCA (527) 
— ¢€ hemorrhage, 499 
Nervous diseases < corticoids, 67 
— disturbances #3 shock, 91 
— mediation of G-A-S, 373, 
“—" rats < G-A-S, 345 
— shock > temperature, 114 


oe 


1B Wav FUT a 


uititu 


1g) a UR TU 


disease of 


(373) 


stimuli > adrenals, 306, 343 

— > blood-clotting, 447 

-—- > — — <€ adrenalectomy, 

450 

— — = blood-count, 409, 430, 437 
—- —>-— — € adrenalectomy. 
425, 427 
— > blood-sludging, 444 
> blood-sugar, 118, 130 
> cardiovascular system, 504, 
551, 552 
—>G-A-S. 92 
— > gastrointestinal 

701 
— > hemopoietic system, 462 
— > hibernating gland, 741 
— > kidney, 608 
— > nervous system, 659 


i} 


tract, 691, 


814 


Nervous system € drugs, 663 
— € electro-shock, 659 


— — € emotions, 659. 660 
— — € “endocrine kidney’, 670 
— — € epidemic typhus, 662 
_— — € fasting, 663 
_— — € gonadotrophins, 665 

— — € heat-stroke, 658 

— — € hemorrhage, 658 

— — € heredity, 671 

— — € hypertonic NaCL, 663 
— — € hypophysectomy, 664 

— — € ionizing rays, 659 

— — € infections, 662 

— — € insulin, 671 

— =— € LAP, '665 

— — € measles, 662 

— — € mumps, 662 

— — € muscular exercise, 661 
— — € nervous stimuli, 659 
— — € neuroses. 661 

— — € parasympathetic, 661 

— — € pertussis, 662 

— — € pregnenolone, (670) 

— — <€ racial factors, 671 

— —€ Rocky Mountain spotted 

fever. 662 

— — € scarlet fever, 662 

— — € serology, 662 

— — € sodium, 663, 664 

— — €stimuli, 664 

— — € sympathetic, 660 

— — € thyrotrophin, 665 

— — € trauma, 657 

— — € typhoid fever, 662 

— — € vasopressin, 665 

— — € X-rays. 659 

— —- > cf. nervous stimuli > 

— — &/'G-A-S, 93. 656 

— — +s G-A-S, summary, 679 
—- —&G-A-S, theories, 679 
— — $ shock, 98 

Neurasthenia * G-A-S, 671 


Neuritis < DCA (527) 

Neuro-circulatory asthenia + G-A-S, 
678 

Neurodermatitis < ACTH, 738 

Neurogenic hypertension, 552, 562 

— renal hypertension, 550 

— shock, 93 

Neuroglia < G-A-S, 662 


“Neuronocytolysis’’ + G-A-S, 657, 
662 

‘*Neuronophagia’’ + G-A-S, 657 
Neuropsychiatric diseases of adapt- 
ation, 671 


Neuroses < ACTH, 673 

— € nervous system, 661 

Neuroses * G-A-S, 671 

Neurosyphilis + G-A-S, 677 

**Neutrophilins’’, 437 

Neutrophils, cf. blood-count, 405 

“"N-hormone’”. cf. testoids 

Niacin > arthritis (rheumatoid), 401 

Nicotine > adrenals, 320, 343 

— > cardiovascular system, 509 

—- >- — € DCA, 532 

— > testis, 359 

— in urine, 231 

Nicotinic acid < G-A-S, 255 

— —-> resistance, 80 

Nitrogen. cf. radio nitrogen 

— catabolism post-traumatic, (151) 

— metabolism < G-A-S, 149 

— mustards, cf. mustards, vesicants 

Nitroglycerine -> gastrointestinal 
tract, € histamine, 701 

Nitrous oxide -> amino-acids, 161 

Noise > hypophysis, 282 

Non-protein-nitrogen, cf. N.P.N. 

Non-specific agents, definition, 8 

— changes, definition, 7 


— — “‘myocarditis’’, 577 
— — resistance, 13, 55 
— -— therapy, 22. 58 106 


therapy > cardiovascular 
system, 557 

— > hypertension, 576 

— — > rheumatic fever, 


we 
l 


589 


INDEX 


— —— in opthalmology, 681 
Non-tropical sprue <€ corticoids, 69 
— — —-> water balance, 216 


—- ——SsG-A-S, 101 


Nor-adrenaline > adrenals, 339 

— — &G-A-S theories, 377 

— — in blood <€ hypertension, 
566 


— — in urine < hypertension, 566 
— — metabolism < G-A-S, 221 
Norway rat < G-A-S, 345 
Nose € G-A-S, 686 
N.P.N. < ACTH, 154 

<€ adrenalectomy, 155 

€ adrenaline, 156 

€ adrenals, 155 

€ anoxia, 153 

< APE, 154 

€ ascorbic acid, 

< bacterial 

<€ burns, 153, 157 

€ corticoids, 156 

€ debilitating diseases, 

€ diet, 157 

€ electro-shock, 153 
extra-renal azotemia, 
€ fever, 154 
<G-A-S, 149 
€ gravity shock, 154 
< heat, 153 
€ hemorrhage, 153 
< hypophysectomy, 
hypophysis, 154 
infections, 154 
insulin, 153 
intestinal obstruction, 
kidney, 157 
methionine, 
muscular exercise, 153 
nitrogen mustards, 153 


< 
< 
< 
se 
< 
= 
< 
<€ post-operative disease, 150 
< 
< 
<= 
< 
- 
< 
<— 
<< 
< 


159 


toxins, 154 
154 


150 


154 


TL We eel Pa 
aN 


157 
159 


proteins. 157 
somatotrophin, 
154 


155 
stimuli, 
sublimate, 154 
testoids, 155 
testosterone, 
thyroid, 157 
trauma, 150 
turpentine, 154 
154 


157 


€ tvphoid. 
€ X-ravs, 153 

+ G-A-S (278) 

ucleic-acids < G-A-S, 

— > amyloidosis, 270 
— > blood-count, 418 
— > kidney, 613 

— turnover € somatotrophin, 


178 


rey sont ole Uo ss TO a a 


469 
Nuptial coloring <= G-A-S. 363 
Nutrition -> chloride metabolism, 
189 


— => proteins, 171 

— - > sodium metabolism, 189 
Nutritional edema, (212) 
Nu-683 —> cardiovascular 
556 


systemy 


“Obésités de disette’”, 139 
Obesity & G-A-S, 267 
Obstetric shock € corticoids, 66 
— —as stressor, 29 


Occupations > peptic ulcer, 703 

“Operational fatigue’ = HA-S+ 
672 

Optic neuritis < ACTH, 680, (683) 


— — € cortisone, 680 

Osmotic pressure G-A-S, 103 
“Osteoporosis of A-R’’ 383, 384, 385 
— — famine’. 384 

— —G-A-S", 38, 385 


Ovalbumine > cholinesterases, 251 
Ovarian atrophy = G-A-S, 363 

— diseases of adaptation. 368 
Ovariectomy > adrenals, 340 

— (partial) > ovaries, 

Ovaries € adrenalectomy, 

- Bass blocking agents. 


} INDEX 815 
= S anoxia, 365 ‘ 
= ascaris toxin 365 foadecos ‘ = ‘ 
<<. urticoids, 368 " Pantothenic acid > blood-count, 4 eee bys He (478) Physostigmine —> muscles, 653 
© dibenamine, 366 — —— © DCA (525) Mots) Picrotoxin -> ovaries, 366 
< diseases, 36 mee Ss  < ACTH > (527), (528), (529), 585 — Pilocar, SS "Bicod 
© drugs, ‘36 : == > — < adrenalector 7 — — € DCA + cortisone, aestey, 426 rarerune ser acres 
< electro-sho, = ~ > gastrointestina t, 89 (585) Pink eas 
rc i syste 68 ink disease = G-A-S, - 
< emotions, “45 2% 2 ae - ~~ € endéctin Md Biegeety Sauien le Gee: 
< folliculoids, 366 A et ae es adren . — -— — general description > Ditultacy. Gk. fepowiasie eee | 
pa ee Ses — deficiency or  stre ig oe a eis Plasma > blood-sludging, 444 
FS rophi nS axis, 753 = 
< hypophyseal ay 367 Papain > anaphyletis, of brain, 667, 676 esac! > arthritis 
367 alk transection Ea > tubamise, 282 _ =m & DOAMEHET q euasto! dy 401 : 
< hy Fi — as stressor, pathol — in adrenals various, cf. adren- 
ei iene htesteiae 367 Parabiosis > ent a aan Saenee 584 als € various 
< lithospermum rude = Slat ae Pericarditis {rheumatic Tereh G2. gi SNA OI ee a 
< liver dives derale, 365 ae empersrofetic syste 7 ACTH, 592 jasmacytosis *5 amyloidosis, 270 
€ malnutrition seb oe 4 ode a GAS, ie Perinephritis (experimental) 537 Bee in adrenals  G-A-S 
<= muscul scape ene? a 609 — -> water balance, 217 , 
< neeuatan Prey 365 paren ae eae Z “Peripheral vasoconstrictor sub- Plasmapheresis —> proteins, 173 
- € ovariectomy ten a5 es 3 ate stance’, 234 Plasma-proteins, ct proteins 
< picrotosin 366 ttial), 368 Acs (678 Peristalsis = G-A-S, 688 Plasma trypsin’, cf. fibrinolysin. 
— €iesennnen a. ic. di = GeA-s ‘Peritoneal lavage’ —> cardiovas- 247 
366 Paes o-hypophysectomy"’, SO ed : E cular system €© nephrectomy. re volume, cf. water balance 
— € spinal shock) 36m Parasites as stressors, 39 Peritonitis < ACTH, 751 “Plasmin , cf. fibrinolysin, 247 
— € stimuli, 367 Parasympathetic —> nervous system, — > adrenals, 309 Plasminogen”, 247 
— € trauma, 364 = as pees us Plastic iritis < ACTH, (684) 
Overfeeding + adrenals, 32: Parathyroid hormone -> bones, 385 a A rH ste | 8 ; = Platelet cf, blood-clotting, 445 
— - > hemopoletic system one — —-> scleroderma, 734 apes et the meninges > — derivatives 237, (445) 


— like structures in thymus. (454) ’ ee 
of the synovial membranes, 392 


< DCA, 675 
peptic ulcer, 


vasopressor substances in, 237 

Pleuropneumonia > arthritis 
perimental), 390 

Pneumococcus infection < corticoids 


— => testis; 7500 

— as stressor, 48 

Overlap of G-A-S. stages, (52) 
Ovipositor  G-A-S, 363 


— €G-A-S, 380 =p se ta 
— > cardiovascular system, 508 ersecution mania 


Paratyphoid infection #3 G-A-S, 100 Personally traits S 


(ex- 


b P. itis + G-A-S, 724 

Oxygen > resistance, 78 Particulate matter — spleen, 457 Pertussis -> nervous system, 662 -- ee ee 312 

ae: blood € G-A-S, 261 Pathways of G-A-S, 104, (105) Petechial hemorrhages < ionizing © _ } plood-count. €_adrenalec- 
xytocin metabolism € G-A-S, 220 Pectin -> cardiovascular system, 509 rays, 503 tomy, 425 


Oxytocinase € G-A-S, 254 Pemphigus < ACTH, 738 — typhus > kidney, 609 


é . — > kid » 611 
Penicillin -> gastrointestinal tract. Peyer's patches $+ G-A-S, 456, 688 pas ( 


Pneumonia < ACTH, 646 


€ diphtheria, 350 Polyarteritis nodosa, cf. periarteritis 


ea 702 pH, S easy Acid-base bal- Oe corticoids, 68 
adutin, 244 Pentobarbital -> amino-acids, 161 bale } = : 
PAH clearance € DCA, 621 Pepsin < ACTH, 247 Phagocytes < G-A-S, 642 < = oe er 
Pain > adrenals, 332 ene Repsltentin: 230 Ph Ms a < ORES 642 (643) — SES.R., 443 
Palindromic rheumatism GAs» eptic ulcer < ACTH, 704 agocytosis, cf. R.ES. es Meee 
He r i aes < lear disease, 704 as € ACTH. (472), 9 cp sintead eas salt solution test 
llyl-formiate, 3 os Nas corticoids, 704 = adrenalectomy, a - 
Pancseas eee | — = € emotions, 703, 704 — € adrenaline, 749 = pipaieasy e 
© APE, 351 — — € folliculoids, 704 — € anaphylaxis, 749 5, Soathenteneaes 
€ atropine, 349 — — € occupations, 703 — € corticoids, 749 > pases 
< choline. 350 eet ape Ros enior: Piniiteny, (prc © = Sele re rheumatic, 648 
€ colchicine, 350 ea geprntone 704 = Da Fae ) Poisons caryoclasiques, definition, 
= corticoids € testoids, 704 Ph pee at ' 2, 20 
, - -<€ , energan cardiovascular system r aa . 
€ cortisone, Save Wan 703 cher es DCA, 532 = Rae Pollgayeles Si a H, 677 
< DCA, 351 351 — —-oorticoids in urine, 704 “‘Pherentasin’’ in blood < hyper- corticolds, 
€ desoxocortisone SS Siclaccrel tolerances 704 fenkions <s0n — sG-A-S, 677 


—+ constitution, 703 Phenolsulphonphathalein test for 
€ drugs, 349 #51 — 5 G-A-S, 689, (692), (693). arthritis, 391 nodosa, 583 
c= electro-shock. 351 (694), 695, 703 Phenyldichloroarsine -> adrenals, Polycythemias + G-A-S, 433 
kidney’ + — & personality traits, 703 321 Polymorphonuclear leucocytosis, cf. 


blood-count. 405 
Polyneuritis + G-A-S, 677 
Polypeptides in blood, cf. blood- 

polypeptides 
— —sG-A-S, (278) 
“'Polypeptidotoxic effect’’, 163 
Polysaccharides < G-A-S, 135 
Polyserositis + G-A-S, 746 


e vascular changes, 704 Bree > saey € testoid, 631 
eptidases <— ACTH, — => ketones, 14 

< burns, 246 aA “Phosgene”, cf. vesicants, 321 
<G-A-S, 246 in liver € G-A-S (711) 
€ infections, 246 
€ trauma, 246 
< trypsin-shock, 


mil 


€<G-A-S, 349, 380 
€ guanidine, 
< LAP, 351 5 
<€ malnutrition, 34 

€ muscular exercise, 
€ stimuli. 


350 


(UE ea oe 


246 
eptone > blood-clotting, 449 


1 
€ selenium, 350 GAS: 428 


aw] 


— € “endocrine 


> blood-sugat < in, 350 > blood-slud € all 253 Polyuria, cf. water balance 

“halo jones amino-acids ‘ng iy es eoaccidel 253 Polyvinyl alcohol -> cardiovascular 
Panett “Ee See ot 

129 Jin, 129 re < 
~ =e formalin, hemorrhage 
— +> blood-sugat a 

* 128 2a amnation 
diovascula’ ; 
72 Soe DCA, 531 


iL Lt 
Bteten 


ea 


816 INDEX r 


— € nervous stimuli, 505, 608 
— € trauma, 499 
nin, 228 


- 3 G-A-S, 754 
Premature infants < corticoids, 70 h i 
Pressor substances in digests of kid- 


ney. 230 


hydrolysates > adrenals, 336 = 
in blood and tissues, cf. proteins _ phosphors | 


ey 11 


in blood  G-A-S, (279) > \ibload: peng ue sal allen 
— — putrified muscle, 231 in tissues #> G-A-S, (279) | ; 236 ‘ 
— tissue-degradation-products, 231 metabolism $+ G-A-S, theories, ovascular -m . 
Pressure bandages > water balance, 273 — => blood : 

218 reserves < G-A-S, (121) 
Primary diseases of adaptation, 15 rich diets > adrenals, ae 


sere = nitrogen catabolism, — > sodium, 195 ee INDEX 817 
i. ee — S water balance, 214. 216  Obatles, 366 ) 
Potassium < ACTH, 198 Progressive muscular dystro yxoedema Paramy| 
— € adrenalectomy. 198 phy < ACTH, 654 Pan Yloidos,, ation < “accelera Re 233 5 ‘Gees 
— € adrenaline, 198 Prolactin, cf. luteotrophin 738 CTH, (735) Regen 766 R APE > “‘endocrine kid- Rheumatic diseases -> adrenals, 310 
— € anoxia, 197 Protamine as stressor, 44 < eonie a » (736), ya jcidosis, 766 626 af ever ACTity 680) 681 
— € burns, 197 Proteases < ACTH, 247 a folliculor, 738 ~ € ACTH, 767 - -> kidney < hypophys- — encephalopathy, 676 i 
— € cold, 197 — € bums, 246 Te ae 788 Bue age, 167 ; " ectomy, 614. = fever € ACTH, 592. (592) 
— €corticoids, 198 — €G-A-S, 246 G-A-S iat SC 738 Ss anticoagulants, 7¢ : duction & G-A-S, 103 a. — — € cortisone, ioe ), 592 
— €cortisone, 198 — € infections, 246 facto 3, 738 = € APE, 767 hagocytosis, hemopoietic — — © ewotions 590 
— <€ DCA, 198 — € trauma, 246 honeuro cf motions = € cortical extracts, yst a — — € infections, 59 a 
i - sin-shock, 246 = aes Corticn; = €&corticoids, 767 efinition, 27 — —€ non-specific therapy, 58 
— € emotions, 197 € trypsin-shock, hoses € AC Tticoids, ¢~ 767 5 ESR, 443 
i. yg) “Protective enzymes’ % G-A-S < ACTH, 675 5B, — € cortisone, 76/ < G-A-S, 458 — — > ESR, 7% 
- € ot. kidney. Bey ive enzym corticoids, 675 & DCA, 767 jlockade -> blood-count, 430 ee ra, 
— €G-A-S, 196 254 > blood-cou | “a jration, 766 cve prs ae +. = luronidase, 249 
— € gravity shock, 197 Protein(s) < ACTH, 173 ‘ Donagai ae 674 eo Oe a si serve oe as ae Tae near 
— € hemorrhage, 197 ¥ - € adrenalectomy, — 174 . > 17-KS in ienstions 262 ee: odie, 767 as > cae dias = ee ie 
— € hypophysectomy, 197 — € adrenaline, 175 > sodium in ses 226. 674 ~  & hemorrhage. Pin > kidney € DCA, 622 — — > serology, 590 
— € infections, 197 rs — € anoxia, 169 > = eee oat 675 ~ & hypophysectom 67 Resistance € adrenalectomy, 61 — — allergy, 585 
— € intestinal obstruction, 197 — € arsenic, 172 S G-A-S, 673 , = & pancreatic extract. 7 eae Aenea — — 5S APE, 588 _ 
— €kidney, 199 - € heszencs Psychosomatic derange ae testvaterons Tet) ~ en pian Bl = = eprieclae: 588 
— € malnutrition, 197 — € burns, | ments a eee ~ €& topical irritation, 7° <- APE, 60 — — + drugs, 588 
— € muscular exercise. 197 — €cardiovascular diseases, 170, ee ‘Cone cas 362 — €trauma, 766 — — € antipyretics, 77 —- —sG-A-S, 588 g 
— € nervous stimuli, 197 508 — factors, cf. emotio — € urethane, 766 < ascorbic acid, 79 x cae periarteritis nodosa, ed 
— € potassium administration, 199 — €corticoids, 174, 175 Pteroylglutamic acid = di eo G-A-S; Cnc 791 — € autonomic drugs, 77 mens: serous inflammation , 
— € shock, 89 = €DCA, 175 — “> Blood-count’ 439, saa | cauposads, 25 — Sibert ot a ripeage ars 
" 7 — nate nl 9 a para eichstein s oi ; arb tes, 71 - -s sease, 28 
% = stimuli. 197 = < wears et Puerpe ral complications + adrenals, Relapsing fever > proteins . = & CUS Ieeereieh 7 — — 5S streptococci, 588 
€ trauma, 196 < drugs, 1 os 2 312, 363, 368 Relative adrenal insufficien- — — (experimental), 588 
— € vesicants, 197 —- € “endocrine-kidney ws Pullet disease, 641 cy < shock, 95 os Ss elisa ayes — — pathology anatomy. 590 
— € x-rays, 197 —~ €GA-S, 163 _ Pulmonary, cf. lung Renal allergy > serology. = = Sscnoneue — — therapy, 592 
— > adrenals, 329, 343 4 - € gonadotrophins, 173 Pupil < G-A-S, 680 Renal, cf. kidney sei pene de — pneomonia,, 648 
— cardiovascular system, 513. - € gravity, gugiy?e Purines and nucleic acids € ATP, — artery < hypertension — €diet. 78 ‘ Rheumatoid arthritis, cf. arthritis 
549 — € hemorrhage, 169 . — -— compression > os: drad (rheumatoid), 393 
= > DOA, 551 — € hepatectomy, 176 — — € bums, 178 633 - = renin 4) Riboflavin < G-A-S, 255 
— > corticoids in blood, 225 — € hypophysectomy, 173 — — — € corticoids, 179 — diabetes + G-A-S, 265 — Se es a, ea Reena, OS 
— ->— urine, 222 — € infections, 170 — — € DCA, 179 — diseases > mcrenals...213 = «2 gaengs — -> adrenals, 327 
— —>kidney, 632 _ — € insulin, 172 — — — € hypophysectomy, 179 -- #4 Bypephy sak 2 ore >, “€: (folie wetty MSL — > blood-count, 420 ms 
— >— € DCA, 625 — €LH, 173 — — <€G-A-5S, 178 eo Sear Are — € folliculoids, 74 — => hemopoietic yas 6! 
— > — € testosterone, 630 — € malaria, 170 — — € somatotrophin, 179 Bae ee ron = € GAS, Bs, (105), (277) * Brscae 80 
— > potassium metabolism, 199 — € neoplasms, 170 — — — € trauma, 178 oe eens chlorides, 195 — € hypophysectomy, 60 aa sep an paw; an 
— in blood €< shock, 95 — € nutrition, 171 * — — — € vesicants, 178 — —- > sodium ‘195 —- €-+ folliculoids, 60 age Soni te) Rel Ae 
~ —5G-A-S, (279) SS eee, wd — ‘> — © cae — — 5 water balance, 217 Se See is = => nephsitis, (641) 
— intoxication € adrenalectomy, 62 — € pneumonia, WON es Pursuit meter > blood-count, 411 = hypertension, cf. “endocrine kid- <€ — + x1ays, FReckoe Monabelectepotted \lisves'.<>> 
— — €corticoids, 71 — €relapsing fever, 170 Pyelonephriis G-A-S, 633, 637 ney” -<€ kidney, 73 y BE NESE neu laa PLES 
— im urine € ACTH, (592), (269) — €renal hypertension, 175 “Pyemia’’, of, Sanne 404 : — — history of, 3 = = mien es 507 . : 
— — &G-A-S, (279) — €scarlet fever, 170 Pyrexin < G-A-S, 2 ee — — € malnutrition, 549 ae ephrectomy As og ties te tim, 662 
- thiocyanates > hypertension, 575 — €somatotrophin, 173 Pyribenzamine et bya 35 =- = & zesiavnl of clamped kid- - os Ee sear 7 actus Bg ahah syste’ 
Potency < G-A-S, 362 — €stimuli, 173 Pyridoxine > adrenals, ney, 54 em ae es — > adrenals, 340 
“Potentiel évolutif’’, 443 — € streptococcus infection, 170 — - > cardiovascular system 513 — — € sodium, 548 : = Ss Ro ea OP iy es Blood:nigar’ <nGeR-s. 128 
Precursors of ACTH, 376 — € subacute bacterial endocardi- — - > hemopoietic system, -- 2 appetite ee oe) er = See pi ary acts, = Biv ccineuaelianaietan OO 
Pregnancy, cf. ovaries. 363 tis, 170 — > resistance, aoe erythrocyte resistance, 77% = tae — > hemopoietic system, 479 
— > blood-count, 420 — € temperature, 168 — antagonist as stressor ae =e =7gatooiatesinas tract, a = Sy ated ned — +s hypertension, 560 : 
— > cardiovascular system, 547 — € testicular extracts, 172 Pyrogens > hypertension: | 79 138 ae ae = cael = jn blood € hypertension, 566 
— diseases of adaptation, 368 — € testosterone, 175 Pyruvic acid © ag yr Tiere Hpereoae 5u Eta 22 Se aotunere 
=i ae = oes ae = 3 areca ine a $ seine 137 522, 536 = = spleen ims Salicylates > cardiovascular system, 
- -_- ood-count, < = =— ic y us. _ = near eee 38 —- -93s-- < DCA, 529 — sti My i e 6 
— — € corticoids, 69, 369, 370 — €trauma, 167 =~ =< hemorrhage, ese, 138 = — 3 ~ — € hypophysectomy, — € succinates, 76 2°55 ee cages 
— — € DCA, 369 — € tuberculosis. 170 — — < muscular Riiciency. 138 514 — € temperature, 74 = 5 gastrointestinal tract. 702 
— — <€LH, 370 ae = iS turpentine, 172 = = 5 esate . : — —-> proteins, 175 = = ‘Eo te ik — > hyaluronidase, 249 
_-_ — i F 8 - -rays, 1 — = trauma, - -> in i - iamine, ~ 1 7 
See ee = Seas css ee tN hy ae ye oom 
test, 743 — S arthritis’ (experimental), 387 : — —~> VEM-VDM, 235 > 2 et sta a as eS 80 Salivary glands < G-A-S, 724 
—- —SGA-S, 368 — cardiovascular system, 548 blood-clotting, ss : Sage ce ra: factors, 550 re, enamel Zz Salt metabolism < G-A-S, 182 
= — 5 vasopressin, 370 te ee 218 wings Quinine 5 vascular systems ea Ese piaterals 635 £26 cima a Or7, — substitutes —> hypertension, 573 
seas > in tae a arthritis - 4 peargeler syeher 467 — => cardio s cardiovascular system, "theories, 102 Salvarsan -> blood-count < splen- 
rheumatoid), _ rypertension, 2/U bes rt : 4 “ i d, instances of, 55, 56, 57, ectomy. 4 
— — € hypertension. 566 — 3>N.P.N. < G-A-S, 157 _> nervous syste oF pele <© war-nephritis, 638 hee Spee " Sanarelli-Shwartzman phenomenon. 
Pregnenolone > adrenals, 333 — > kidney, 612, 613, 632 factors 0 he ao < muscular exercise, _—Gigeases of adaptation, 82 24 
— > arthritis (rheumatoid), 400 — > resistance. 79 671 of kidney: él rickets. 386 — non-specific, definition, 13, 55 — —— <€ ACTH, 756 
— > hyaluronidase, 250 — as stressors, 48 Radio-autograP ys iney, 610 shunt < adrenaline, 619 — specific, definition, 13, 54, 55  — — — > blood-clotting. 448 
— > nervous system, (670) — catabolism, traumatic, 152 iodine 50 at, 414 — € anoxia, 507 | d ai — —— S adrenals, 312 
— > testis, 360 — deficiency > blood-count, 420 iron — 


— shock, definition, 10 — therapy, definition, 23- 
— — theory of, 91 — therapy > gout. 267 
“Productive endarteritis’”, cf. endar- Proteinuria. cf, proteins 

teritis obliterans, 587 — €G-A-5, 167 
“Profibrinolysin”, 247, (445) “Proteose”, 163 
Progesterone —> adrenals, 333 Prothrombin, (445) 
— > arthritis (rheumatoid). 400 Protozoan infections -> adrenals, 309 
ad eee system, 524 “Pseudo-Cushing’” -> hypertension. 

564 

— > chlorides, 195 “Peeudohypophysectomy” 5 G-A-S. 

— > hyaluronidase, 250 333 4 


818 
INDEX 


Second 
S dary sh 
ais a ock, definiti 
eminal ve: _ pancreas ge 10 
Somes. 350 > 
emi starvaon (357), (357) = . ree 
3 n neurosis” os ataboli ar ay 
Seni cata” S 7B Niceiles pr ystem 
S. ility > h s G-A-S can Testes: t =e ae 490 
ense or emoglobi oa glucos in blood 
Septic gans < G in, _ 260 > hist € combusti ) 95 < 
Se emias -A-S oe amine stion, 9 © adr 
rologic di G-A-S, | 680 as hypochl . 88 » 94 Pa enals 
Ss. 760 iseases of iby al = Escala ota 95 >= anaphylax Jon 
erol japtati - 1 emi 5 < xi is, 
a ic ate ation, Es sero cig 59 95 oh antidigr 188 189 
= en, imi y, an — sin, 89 a etic pr; 
= —— ies Ln 9 < arterioacle Principle, 
- naph H - >- sium « <a lerosi 1 S f 
a + pac ee 752 en in ete colina 186 58 2] dium in urine oe INDEX 
= ce epee s, 758 ens ae < corti 186 2 See matoid). (397) rthritis (rh 
ees pase es 759 -> renal in =. EASE ae re psychoses. 674 u- ‘Stary 
< his ign protein, 7 - sodium i sufficien < diphth 190 192, S = GAS nny ation, cf 
= stamine im, 752 > te in bl n _ phtheri, 193, colar rays > . (279) eal niite hunge 
Ee peptone ee i = > teoiratane ood, 95 © drugs tia, 188 » 194, gastrointestinal =) vede is cakes fasting 
es renal ehee ; a thermo-regul 93 eles 195 _ = > lung P stinal tract, . 335, sepals. —s . dict, ee 819 
= rheuma' ergy. 7 - > hrombop! ation, 9 i ly-i = as st pad > bon 324 = oe > 
€ spi tic f 753 t plast 3 nd ressors = nes » Bae at sero! 
~ spin ever, 5 - issue ic m e luced Somatot rs. 34 SS centr 384 2. = logy, 75 
sti a) sh r, 590 >V anox etaboli < ndocri rophin > e cache Sulf peri » 153 
— * stimuli tos 752 -> ee ane a a < ervsipdas, kid Seizures | Zz, ae sears oe t pak ealeteay (164) eae > aoe aod 
= pelfonustl 5 -s 9 ; oles tare ney" : S aaiio-ac a 1 > cardi and Sulphe eri renals, josa, 58 
€ th namides i = fees 13g” * 195 ae o-acids, | =) orcas phosph slshocyanates eles ; 
= i ; 752 a ae idney ~ oe ids, 95 blood-s , 161 é gon scular phorus Sul cyanate > > ad 
e nea sag 760 eran 98 = iG maldeh 195 a Pie sugar, 123 Ssh adotro arate 201 phur e> renal. 
= - ~ . ae d ones, 385 23 > hem phins m, 51 - metaboli adren s, 320 
S sleeve 752 acilecy distu Gua yer 1g - oh ae Saco pre: a eae als, 32 
= cant = ry | urbances € gluc Teen ne a, emopo: ~ 28 ic sys Su G-A- <A } 
= € Liye 152 = Geevcislaton in 86 = pei 19 = 3 fine © saatoteoe = aaah = sas. 2o1 a) 
of 2 é A ase’" nm ms > s i somatotroph ver is, 283 —— foes = 
= 3 gamut” + < fears i. Byrn = Sein ce Ande 
4 si stem, 5 =< pees defini . 88 < hy rr a - > ov oph ae r 8 7 
ia ape eae ag = Reeon saeftalticn: 11 DS hypertensio 185 suite eS gi tS EG 366 ae = ee ystem $5 G-A-S, 
-> ver, 715 = ph enic, 9 < Poph mn, 56: = & nuclete- 155 — Seen ays = -A-S co s GA- aia 
> x nervous - Naas Bee ee bypophysectomy,, =< ae acid turno\ -> potassium, A a of pikes Se S, 381 
G- syst = imar ition, inf hysis, » 19 - patas enover Z renal 197 h tanc 5 
= =G ae 103, 75 oe reversibi definitio 19 < Mcaeeaen ery : - re proteins Cie > testis hypertensioi = hemopoietic = EA 
- -A- * ~- s — n * A ' oa estis, 5 s C. 
=e: GAS eee 0 = secondary definition. 4 =e LAR Tata i ip partnes: sed vue! Stoate iyeid, 33 tae), Sustained prev syeene MACS 
‘ . F ition, ' = clete ator Nee , 
— 2S ae be = Bes a, Aebattion: ae = pie - Sahl testis, 360 ie acid Steroid oS hee eat ra preseor Pelnee e 
ie es eek 236, . aabe BS ation, =: Pp ion, 1 : = x adaptive : gmail 4 ious) > ; = sodi » 4 ases. 
concen ae = Fons eS ciepnlobery oe ee peepee di i Shematsyenic isa. 102 Siigmaste) wed 401 artlisiis (chen c= = fom advenl “ 
caviti phy of bi -clottin: —d ciency, 9 = < po monia, Spinal genic stero! 4, (55) Sti m, 512 cardiova Ss. wim: test”, 65 (347 iseases, 347 
aS Peae < of bone-marron 7) i aes dehydration ve < pon ae A Sor lesions ‘Ss > test aaa? ry: vascular sy erable ae 653 } » 347 
-- colchici . 74 4720 = fs — € pro erior pi -- systems, 55 card is. 360 Still's d . ef. folliculoi Da ympatheti 
€: 6: icine, 745 5 ss hem olism = pro: pitui tranmectt 3 diovasc Ss disease S iculoids Sy: etic > 
-- rtic. » 745 a, jocon . 84 < gester itary, sectio cular — muli a SGT Bvapety n 
= = € corti je — = hepatic ea a progestins is 190 a 40 n > blood- ened ue S GNS AOR ‘ pathectomy nervous syste 
= € cor icoids, 745 745 wy Sistaeale 84 » 85 moo renal fexcal eae ned count, wax RS aia lean 329 : oy 5 ~arterfosclero A-R, 93 m, 660 
Ee = DCA. 74 745 = Ae toxic "87, 88 —- € Sodium saree te3 Ss % cald, Ua ei 7 ootiting, 480 a > cardiovascular 583 
ze = ded . 745 erapy;, ee] sane stimuli ministrati oe ia facual 53) e, 114 — => bo -count 4 50 : °o - > oe 1 system <& 
= er oxocorti s pe akly cf. — = ee 190 ion, 195 -> aldehyd _ - nes, 3 . 420 -> troint adren- 
iis Rae 15 oe ee = fehoscone 1 i or 3 serena oe = 3 Grd = 3 Brveensiges fo” 
— i al aie cause z "0! - , 2 ‘a ac mai lori sao em , ~! 2 
inamoation” = = theory, 106 ae eee ae sy SS BR wytem, 513 wee hemoplee a 
—s 2 deflate: - ees 5 is - nck typhi is aba Sp eaten system, = Shee : Srapateninate sae 459 
ares arteriosclero ' wea) | eae Aen of niece = 2 oatne a eee eae 710) -> bypephyt ohn 469 Syndrome eory of, cena 221 
a s anne dis: sis, 582 s -hormon issues, BR 88 Sie tumors sis, 189 Sa z Bi para (457 = = sages 614 Sy: Bi 62 polypeptidot 
-s iymph-tlow, 48 577 pened cf e"', of. gluc aie typhoid ie eee i spleen wate (453 = cz aries 652 movtsl membr. oie” 
- = eu! . » rei O- " es v ’ -=- s' . J s, 3 arthri ‘an 1 a 
es of oo “2 eo oe corticoids = $ ee, ce tind: ra eee (689) ) -> peseeeny Sz syphilis 392 ca la rexparimental 
_ — liver, 7 ie Sial -Shwartz nomeno} ac . 187 — shock jonag: us, (453) Sa Ee 19 eyecenrs d -A-S, 67 - 
= pancreatitis 3 us jadenitis, zman Ph n, cf. S. ->?> ace enls 7 ee ck as gio reacti -> ium, 1 7 defi jamage 7 
i . = r 1 ia: aS stres: ction ii ag test 90 = ense . generali 
= aacoierkel 350 ignet-ri cf. sali Samana DA >b renals, 32 Bea oe acon? es 262 Si eheieal 360 stress, « generaliti ralities 
Ss poly; protein, ring c livary gl , 24 lood-c 2, 328, = > ov ay. 752 as thyroid, s, definiti ities, 104 104 
er Sing 13 Simmond' ete ct 2a) Ey pul ie pe Ns (man eng SC: He Ta tion 
i i s ; ' cardi A i =e . i 
Se ae es - eee > physis, a7 an disease, 5 Splanchnic hibernating = ra pore seer Ue taghiat defi 
ae ape GAS. 7 ccveie = —s fever corticoids iovaealey 1 ae ; : = Be (nS Aree, = € muscle al rack Target. ones: Piece wpe 
- 4 ‘i = = "Rides Ae = = es m, 548 a >:  theori aati exerci ; ition, 2 
asronngce THA Skel s Rh 284 5 2S 2 555 . ; aie tec eatticel Ae aE 3 aoe: pinal cord ise, (68 401 arthriti Rp] 
= mes » 81 x etal di eumati os DCA aoe cf icoids i mala liad ay vagu: rd trans 9) es is (rh 
orga: > adi isea, ic f ‘i - . 524 < + he in b) 4 “Stn s sti nsection: ey oe infl eumat 
= Se ie Stent ee = — ae [eis gland i car oss) TEAS mee i 
- , oe ‘peartes 140 kis ylaxis nes, 3 on, 38 = —-—€ 5 Se » (458 m, 452 trepto rotein’” ze, 659 oe efinition, 33 
Sexu (male) ovaries, in. ch s, definiti 83 s S chlori LAP, 5 = Ssalictg ) ‘ coccus + 158 > AC ition, 27 
al » of . os een cutan inition - joride: » 516 = € corti s. 458 coid: infectio = TH 
- yeh testi = A ous | > rides, 195 rtiso: wifes ids, 6! n(s) > met. 5 
= enogeents ery tS Se sy OTE ao | = elle pee in urine, 22. i © BCA slp adrenals < cone Sraaoes etabollene 77 
_ aoe < GA 363 eae € ee ee ued -> emer tract fp -< pee eh = = 3 Sido 312 ee fovascular ie 
Pe gM = ieee ae 362 = = Tarra ae 728 = > ede ics a Ung ae Hata ehe (458) mae ra peckeiuts 170" systerit G07 = me SS pee ee ystem, 550 
4 one = anterior 7 ‘ icoid system € OF = mi rs ai -A-S, 100 = ew enale ‘ 
Sg pro- erior- = is, 47 cor us subst. i rh > <€ cto 
a carotid si - ae DCA, * lobe defici = > hypo ue i Ba exerci rae Bre etre oy ic feve = > gastroncestinal detonult 52l 
si i fi - physis: > u is Str se r ical tin ull, 55 
a aac ne 3 = pa eemtion 28 ciency. 728 +S kidney p 253 a particulate eae (458) cay os cadlay 247 588 Teeth = terms a tract aS 554 
ente . 8 pe folli s, 726 2 = Sie b , 632 = Blesdcene mat ee 457 poph vascul - iseas ang 
< evi rogenic i eh iculoids, 72 727 — € DCA, 62 < ood-ci 3 — di ysectom ar syst € G- eases, 4 
i , , 622 S spin ount iseas: y. 513 em <h - A-S. . 403 
eee intoxicati eS hypoph s. 728 > lymph-fl | ayia €c eee defini y= eahaageel 403 
mi mn, tion ps ii ysect = ow, (48 - ctom’ ‘ord- orticoi ” = definiti - nger 
: ca i cor ae incompatible i 728 Bar agers me 6 ay me stasetion, | 8 ee ‘arene Hee = Elite 403 
sae» sien nee = 3 reopen “8 eee * ee ita ls 
» 94 pus malni ation -7? sod ey — rmoni 's, 480 a — defi ined effi is il adi . (733 » heat. 
< sti utrition, 7: 730 5 fam, 199 Spica arson 23 # detiiion ect of, 51 —< renalecto ) » fever 
= ieeam et = ae 1 peeled ES ae diovascular sea ‘ida = © Sareatng i M5 
s stoids 8 ), 738 Chlorid: ce, 215. eepneao, 9, 450, 5 syst cute muli, 92 x Pee xias, 1 11S 
nd wepeddl 728 = eas stressor 2 plenitis’’. seis 534 em, 552 itis > bacterial end - ibactertall 14 
lages < a gentisate alt Spotted f » 465 Sublimat proteins, locard is jal__vaccines. 
G-A-S, 726 es in blood = es etcacti =) B G = . 14 
] _ cid - 
— > idrenals, icoids, = 
S 
Rese » 68 


€ succi 
o C1) 
a Sympathec hal 
> oni pear de 93 = 
> aoe lusion, 87 Skull 
3 ATP 9 = eR ce Bo 
Si isabetsiny Snake formation 1 
jotting. 89 am i Seer piles 
Sodium  cardiouarculae 10 
- eee 190 systeni aa 
ctom 
y. 191 


re? 
1D ee be WH 
\ 


820 


Tenia toxins > adrenals, 323 
Terminology of G-A-S, 7 ‘ 
Testicular diseases of adaptation, 
362 & 
extracts —> proteins, 172 
estis < ACTH, 360 

€ amino-acids, 359 

€ anoxia, 358 

€ ascaris toxin, 359 

€ carbon monoxide, 359 
€ cardiac infantilism, 359 
€ cold, 357 

€ concentration camp life, 
(361) 

€ DCA, 362 

€ diets, 359 

€ diseases, 359 

<€ drugs, 359 

<€ emotions, 357 

€ formaldehyde, 359 

< FSH, 360 

< G-A-S, 356 

€ gonadotrophins, 360 

€ heat, 356 

€ hepatic infantilism, 359 
<€ hypophyseal stalk transection, 
360 


\ 


| 


Te Ti st Ws a 


358. 


ie Op a YC 


< hypophysectomy, 360 

€ infantilism, 359 

€ ionizing rays, 357 

< LH, 360 

€ liver cirrhosis, 359 

€ malnutrition, 359, 360, (361) 

€ nervous stimuli, 358 

€ nicotine, 359 

€ overfeeding, 360 

€ pregnenolone, 360 

< somatotrophin, 360 

€ spermatogenic steroids, 360 

€ stimuli, 360 

< testoids, 360 

€ testosterone, 360 

<€ trauma, 356 

<€ vitamin-A, 362 

<€ vitamin-E, 362 

Testo-corticotrophic effects, 376 

Testoids, cf. 17-KS 

— > adrenals, 333, 336, 341 

=> adrenal ''X-zone’’, 341 

> arthritis (experimental), 393 

> blood-count, 421 

> bones, 385 

+> cardiovascular system, 547 

>- —<€< DCA. 531 

hemopoietic system, 479 

hypophysis, 284 

kidney, 629 

— € anti-kidney serum, 631 

— € castration, 629 

— € cholera, 631 

— € gynecology disorders, 
631 

— € hypogonadism, 631 

— € nephrectomy (partial), 
631 

— € phloridzin, 631 

— € sublimate, 631 

— € thyroxine, 631 


ar array te tated Up at Uae Ue a 


LEROUTRTE TUN 


> 
> 
> 
> 
= 
> 
> 


€ uranium, 631 

€ ureter ligature, 631 
muscles, 653 
N.P.N., 155 
peptic ulcer, 704 
phosphatases, 253 
skin, 728 
> testis, 360 
estosterone > adrenal, 

(298), (301), (340) 
— > arteriosclerosis, 582 
— > arthritis (rheumatoid), 400 
— +> cardiovascular system € en- 
docrine kidney, 541 
> chlorides, 195 
> creatine and creatinine, 178 
> Cushing's syndrome, 285 
> endocrine kidney, 626 
> hyaluronidase, 250 
> 
> 
» 


Lilet te Pt 


4 


(293), 


kidney € potassium. 630 
N.P.N. € G-A-S, 157 
proteins, 175 


Pa eye Ast 


INDEX 


— => regeneration. 767 

— > resistance, 74 

— => sodium, 195 

— > testis, 360 

Tetanus-toxin > corticoids in blood 
224 

Tetraethylammonium, cf. TEA 

Thallium > hemopoietic system, 46¢ 

Theories, blood-clot formation, 44 

— — — removal, 445 

— — count $ G-A-S, 437 

— blood-sugar $ G-A-S, (12!) 

(126) 

— corticoid actions, 275 

— enzymes, 274 

— gastrointestinal tract 

706 

hemopoietic system, 484 

of hormonal mechanism in G-A-‘ 

371, (373) 

of hyalinosis, 600 

lipid metabolism, 273 

liver S G-A-S, 723 

membrane permeability 

nervous system $ G-A-S, 

protein metabolism, 273 

of resistance, 102 

serology < G-A-S, 762 

of shock therapy, 106 

vitamins, 274 

Therapy of arteriosclerosis, 582 

— of periarteritis nodosa, 586 

Thermo-regulation in shock, 93 

Thesauroses, 482 

— definition, 16 

Thiamine > adrenals, 325, 346 

deficiency as stressor, 49 

— > pyruvic acid, 138 

< G-A-S, 255 

< hemorrhage, 255 

< muscular exercise, 255 

> gastrointestinal tract, 697, 702 

+> hemopoietic system, 468 

> resistance, 80 

Thiocyanates > hypertension. 575 

Thiosemicarbazones > arthritis 

(rheumatoid), 401 

— => inflammation, 748 

—  corticoids, 733 

Thiouracil > resistance, 74 

— => salivary glands, 724 

Thioureas > adrenals, 320 

— = blood-count. 418 

— cardiac disease, 580 

— > cardiovascular system, 509 

— as stressors, 44 

— intoxication < corticoids, 71 

Thirsting —> adrenals, 329 

Thorium-X > blood-count, 431 
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Vaso-depressor material, cf. VDM 
Vasodilators in blood, 239 
Vaso-excitor material, cf. WEM 
Vasomotor rhinitis < ACTH, 686 
Vasopressin < adrenalectomy, 221 
€ burns, 220 
€ cardiac decompensation, 
€ emotions, 220 
€ G-A-S, 220 
€ hemorrhage, 220 
€ hypertension, 565 
€ hypophysectomy, 221 
> blood-count, 423 
> blood-sugar, 124 
> cardiovascular system, 517 
> chlorides, 190 
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> kidney, 636 
> — € folliculoids, 619 
> nervous system, 665 
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> water balance. 214 
s eclampsia, 619 
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= hypertension, 561 
+ pregnancy toxicosis, 
as stressor, 46 
Vasopressor substances, 
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— in platelets, 237 
“Vasotonine’’, 236 
VDM, definition, 27 
VDM. 234 
— € shock, 90 
VEM, definition, 27. 234 
VEM € shock, 90 
— > cardiovascular system © 
adrenalectomy 520 
— >— — € adrenaline 521 
VDM € adrenalectomy, 235 
— € “crush syndrome’’, 235 
€ Cushing's syndrome, 286 
€ diet, 234 
€ essential hypertension, 235 
€ heart failure, 235 
€ hemorrhage, 234, 499 
€ hepatectomy, 235 
€ hypertension, 235 
€ nephrectomy, 235 
€ renal hypertension, 
€ tourniquet shock, 
— € trauma, 234 
— in blood & hypertension, 
Veronal-poisoning < corticoids, 
Vesicants > adrenals, 321 
> blood-clotting, 449 
> blood-count, 419 
+> blood-lipids. 144 
+> hemopoietic system, 466 
> lung, 644 
> neoplasia, 769 
> potassium, 197 
> purine and nucleic acids, 
> resistance < hemorrhage, 
itamin A € diseases, 255 
<€G-A-S, 255 
€ pneumonia, 255 
€ trauma, 255 
> adrenals, 325 
> ascorbic-acid, 
> testis, 362 
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> adrenals, 328 
> cardiovascular system, 
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> cardiac disease, 580 
> cardiovascular system, 513, 
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